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What is known as Attention-deficit

Hyperactivity

Disorder (ADHD) today has been known by other titles in the
past such as minimal brain dysfunction and Hyperkinetic
Reaction of Childhood.

These label changes represented the

change in knowledge and understanding of the disorder over
time.

Today, it is thought that a main component to the

disorder is an attention deficit.

The problem is that of

yet, the cause of this deficit has not been identified.

In

an attempt to further understand this disorder, visual
attention studies are being conducted.

Following this lead,

the Visual Attention Analyzer was used to investigate a link
between ADHD and visual attention.
As the UFOV™ had never been used as a measure of
visual attention in children, two studies were performed.
The first study was to establish the U F O V ™ Visual Attention
Analyzer as a reliable measure of visual attention in
children.

It was found using the test-retest method that

the UFOV™ is a test of moderate reliability for six and
seven year olds.

As there was little variability in the

eight to fifteen year olds' performance, the Pearson
correlation coefficient was truncated, producing a low
reliability score.

When the discrepancy in pre and post
viii

composite scores were examined, in this regard, it was found
that the U F O V ™ was actually a more reliable measure for the
older children than the younger children.
With the question concerning the reliability of the
U F O V ™ as a measure of visual attention in children
answered, the second study addressed primarily whether there
was a difference between children with Attention-Deficit
Hyperactivity Disorder (ADHD) characteristics and normal
childrens' performance of the U F O V ™ tasks.

Based on the

most stringent definition of ADHD used in the study, the
U F O V ™ did not discriminate between the seven year old
children with ADHD characteristics and normal children.

It

did discriminate between the eight through twelve year old
children with ADHD characteristics and normal children.

ix

Chapter I
Introduction
Attention-deficit Hyperactivity Disorder (ADHD) is
defined in the Diagnostic and Statistical Manual for Mental
Disorders, Third Edition-Revised
disruptive behavior disorder.

(DSM-III-R), as a

According to the DSM-III-R,

the "essential features of this disorder are developmentally
inappropriate degrees of attention, impulsiveness, and
hyperactivity"

(p.50).

It is also stated that people with

this disorder usually show disturbance in all of these
areas, but to different degrees.

The diagnostic criteria

for ADHD, as listed in the DSM-III-R, are listed in Appendix
A.
It was only in the DSM-III-R that this childhood
hyperactivity disorder was given the label Attention-deficit
Hyperactivity Disorder.

It was first labeled as minimal

brain dysfunction (MBD) when it was thought that brain
impairment was the cause of the disorder
DuPaul, & Barkley, 1990).

(Guevremont,

When studies failed to

substantiate brain impairment, the name was changed to
Hyperkinetic Reaction of Childhood

(DSM-II, 1968).

This

name reflected that at this time, excess activity level was
seen as the central problem (American Psychiatric
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Association, 1968; Stewart, Pitts, Craig, & Dieruff, 1966;
cited in Frick and Lahey, 1991).
When it was argued by researchers in this area that
these children might have a primary deficit in attention
processes, the label was changed to Attention Deficit
Disorder with (ADDH) or without
III, 1980).

(ADD) Hyperactivity

(DSM-

Criteria for diagnosis also changed to

emphasize attention deficits.

The current labels for these

two conditions are Attention-deficit Hyperactivity Disorder
and Undifferentiated Attention-deficit Disorder.

The label

of Attention-deficit Hyperactivity Disorder emphasizes that
attention problems and hyperactivity occur together.
Undifferentiated Attention-deficit Disorder is defined as an
attention disorder without signs of impulsiveness or
hyperactivity

(Teeter, 1991).

Since ADHD is the current

emphasis, it should be noted that presently a child is
considered to have ADHD if before age 7 the child displays 8
or more of the 14 symptoms listed in Appendix A.

These

symptoms reflect difficulties in the three basic categories
of attention, impulsivity, and motor hyperactivity.
Although a new label and diagnostic criteria were
generated by the American Psychiatric Association in 1987,
consensus among researchers and practitioners on this
criteria still has not been reached.

In fact, Barkley

(1982) has generated a criteria list to be used to identify
ADHD children (cited in Douglas, p.281).
included:

This list
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1) A score on a standardized rating scale of hyperactive
behavior of at least two standard deviations above the mean
for normal children.
2) Reported age of onset of symptoms by 5 years of age.
3) Duration of symptoms of at least 12 months.
4) An IQ estimate of at least 70.
Other criteria were also listed.

As many disorders occur

together, his criteria are suggested to keep other
disordered children, such as Learning Disabled and Conduct
Disorder from being included in the ADHD sample, which
allows better investigation into the cause of the ADHD.
For the most part, four general methods of assessment
are used in the clinical diagnosis of ADHD (DuPaul, 1990;
Guevremont and Barkley, 1992):
1) Interviews with parent, teacher, and child.
These interviews are used to determine the extent to
which ADHD symptoms are present and to question whether
alternative causes for the problem behaviors exist.
Information is collected regarding the child's medical,
developmental, and psychological history.

Questions also

center around intellectual abilities and environmental
factors that may cause problem behavior.
2) Standardized behavior rating scales.
Behavior scales completed by both parent and teacher
indicate whether the problem behaviors occur across
settings.

The scores generated on these scales provide a
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norm based comparison of the frequency and severity of the
child's rated problem behaviors.
3) Objective lab measures.
Tests of sustained attention and impulsivity are often
employed to add objective information to the evaluation.

At

the present though, the objective measures employed are
questioned in regard to their validity (e.g., Gordon
Diagnostic System) and in being able to discriminate between
children with ADHD characteristics and their normal peers.
4)Direct observation
The child is observed in the classroom setting in order
to quantify the overt behaviors associated with ADHD such as
being off-task, fidgeting, and being out-of-seat.

It is

also suggested that data be gathered regarding the child's
academic performance

(work samples and performance

levels).

In keeping with the DSM-III-R diagnostic criteria and
clinical assessment, most researchers require some
screening/identification procedures for identifying children
with ADHD characteristics.

Information is collected that

helps rule out alternative causes of the problem behaviors
(head trauma, seizure disorders, neurological disorders,
severe developmental delay, etc.).

Also to be identified as

having ADHD characteristics, most studies require the child
to have an IQ score of at least 70 or 80.

Lastly, scores of

at least 1.5 standard deviation above the mean on
standardized behavior rating scales completed by parent
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and/or teacher are needed for an individual to be included
in the group considered to display ADHD characteristics.
At the current time, based on DSM-III-R criteria, ADHD
is neither strictly defined nor can it be precisely
measured.

For example, tests of sustained attention and

impulsivity, two of the areas defined as deficient, are
inconclusive.

Sustained attention and impulsivity test

scores do not correlate or correlate significantly at low
levels with defining measures such as standardized behavior
rating scales (DuPaul, 1994).

Possible explanations for

these low correlations between the standardized behavior
rating scales and the attention tasks are poor definition,
bias of subjective evaluation, and/or poor measurement.
With circumstances being such, ADHD is one of the most
common reasons children are referred to mental health
clinics in the United States (LaGreca & Quay, cited in Frick
& Lahey, 1991).
Estimates vary, but ADHD is estimated to occur in 3% to
5% of the childhood population

(American Psychiatric

Association, 1987; Barkley, 1990).

With this state of

affairs, research is being conducted in an attempt to find a
fundamental cognitive deficit and objective measures for
identifying the population of children with ADHD
characteristics.

Included among the researchers

investigating ADHD are the visual attention scientists.

In

an attempt to further the understanding of ADHD, the visual
attention of children with ADHD characteristics was assessed
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in the current study.

This assessment probed whether there

is a link between ADHD and visual attention as measured by
the Visual Attention Analyzer.
Although the main purpose of this study was to
investigate whether visual attention differences existed
between children with ADHD characteristics and normal
children, other purposes were served.

The study helped to

establish the Visual Attention Analyzer as a useful measure
of visual attention in children.

Also, other attention

measures were administered in an effort to identify
correlates of the UFOV and to provide further

investigation

of attention differences between the normal and ADHD
populations.

Chapter II
Literature Review

Since the current research centers around the use of
the U F O V ™ Visual Attention Analyzer to study visual
attention differences in normal and ADHD children, the
U F O V ™ task will be described along with its previous uses.
Following this, the case will be made as to why the U F O V ™
may serve as a useful measure of visual attention in normal
and ADHD children.
In making this case, first, a discussion of the
components of visual attention in children will be
presented, along with how these components relate to the
UFOV™.

Next, a discussion of the development of these

related visual attention components will follow.

Last, a

review of the visual attention research involving ADHD will
be presented, along with the hypothesis concerning how the
U F O V ™ will serve for the measurement of visual attention in
ADHD.

The U F O V ™ Visual Attention Analyzer
Description.

The Visual Attention Analyzer is based on

the concept of the useful field of view defined by Sanders,
1970, (cited in Ball & Owsley, 1991) as the visual area in
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which information can be obtained in a brief glance without
head or eye movements.

The size of this area is a measure

of how well one is able to be alerted to potentially
important stimuli in the surroundings.

The Useful Field of

View (UFOV™) , measured by the Visual Attention Analyzer,
involves central target identification, and detection and
localization of peripheral suprathreshold targets in visual
displays.

These criteria are divided among three subtests

of the U F O V ™ on the Visual Attention Analyzer (Ball &
Owsley, 1991).

The size of the U F O V ™ is expressed in

percent reduction (0-90%) of a 30° radius field.
The Visual Attention Analyzer is composed of a video
monitor which has a visual area of 60° x 60° binocularly.
The viewing distance is maintained at 28.5 cm by having each
subject place their chin in a chin rest mounted at this
distance.

The chin rest is also adjusted so that each

person's foveal view will be at the center of the monitor.
For Subtest 1, each trial consists of four sequential
displays.

First, to direct the subject's focus, an outline

box ( 8 x 9

degrees) appears in the center of the screen.

Second, one second after the appearance of the fixation box,
the test stimulus appears.
for a short duration.

This test stimulus is presented

For Subtest 1, the stimulus duration

varies between 16 and 325 msecs.

Third, a mask is presented

after the stimulus so that any afterimage of the stimulus on
the screen or retina is abolished.

Fourth, two test stimuli

used in the center task, a silhouette of a car or a truck,
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are displayed and the subject must select which stimulus was
presented in the fixation box.

After the selection has been

made, the next trial continues in the same fashion.
The first subtest of the U F O V ™ is designed to obtain a
measure of visual information processing speed.

After the

fixation box is presented, the test stimulus is presented
and the subject identifies the stimulus presented on that
trial.

The measure of processing speed is obtained by

varying the duration of stimulus presentation and
determining the fastest speed at which the subject is able
to correctly identify the stimulus 75% of the time.
Subtest 2 builds upon Subtest 1 with the alteration of
the second display and the addition of a fifth display.

For

Subtest 2, the second display consists of the presentation
of the silhouette of a car or truck in the fixation box,
plus a silhouette of a car in the periphery.

As with

Subtest 1, the presentation of the stimuli is for a short
duration,

40 to 240 msecs with the duration being a

multiple of 40 msecs.

The third and fourth displays remain

identical to those used in Subtest 1.

The fifth display is

a radial pattern with eight spokes equally spaced and
labeled with a number "1 to 8."

This pattern is presented

so that the subject may indicate the position of the
peripheral test stimulus by touching the spoke on the screen
with his/her finger.

After the spoke has been chosen, the

next trial follows the same procedure.
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In the second subtest of the U F O V ™ , a measure of
divided attention is obtained.

In this subtest, the subject

must fixate on the central box, identify the stimulus which
appears, and at the same time determine where the target(car
silhouette) in the periphery appeared.

The target has 24

possible positions in which to appear because there are
eight spokes upon which it can vary at three eccentricities
(10°, 20°, or 30°) from the center.

This task is performed

without any other stimuli on the screen.

The divided

attention measure is obtained by determining for each
duration the eccentricity at which the subject can localize
the peripheral target 50% of the time.

A score ranging

between 0 and 30 is assigned depending upon the minimal
exposure speed at which the task may be performed.
For Subtest 3, the displays are similar to those in
Subtest 2 except that in the second display the peripheral
target is embedded in a field of distractors

(triangles).

Again, the stimulus presentation varies in duration from 40
to 240 msecs, with the duration being a multiple of 40
msecs.

The third subtest provides a measure of selective

attention or distractibility.

The subject is required to

perform the same task as in Subtest 2, but this time the
target is located among the distractors.

As with the

divided attention measure, the selective attention measure
is also obtained by determining for each duration the
eccentricity at which a subject can localize the peripheral
target 50% of the time (Ball, Roenker, & Bruni,

1990).

11

Again, a score between 0 and 30 is assigned based on the
fastest speed at which the task can be performed.
It should be noted that all presentations and time
variations are computer controlled.

In addition, when the

target appears in subtest 2 and 3, it appears unpredictably,
but equally often in each of the 24 different peripheral
locations.

Also, as mentioned earlier, the stimulus

presentations for Subtests 2 and 3 range in duration from 40
to 240 msecs.

These durations are kept at less than 250

msec because this is the minimum amount of time needed for
people to change fixation from one point to another
1969).

(Miller,

Thus with presentations being a maximum of 240

msecs, the presentations are too brief for the subjects to
shift fixation from the center to the peripheral target.

To

insure fixation, if in the fourth display of subtest 2 and 3
the center stimulus is identified incorrectly but the
peripheral target is located correctly, this trial is not
counted since it is doubtful that the subject was fixating
on the center as instructed.

This trial is recycled and

presented sometime within the rest of the block of trials
(Ball, Roenker, & Bruni, 1990).
As described in Ball, Owsley, Sloane, Roenker, and
Bruni (1993), for each subtest, a score from 0 to 30 is
assigned.

A score of 0 means the subject had no problem

with the task at any stimulus duration while a score of 30
means the subject was unable to perform beyond chance level
at any duration.

These subtests are each given a score
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since the abilities measured in each subtest

(speed of

visual processing, divided attention, and selective
attention) have been shown to be both independent and
additive in their effect on the size of the U F O V ™
Roenker, & Bruni, 1990).

(Ball,

These subtest scores are then

added to obtain a composite score between 0 and 90, which
represents the percentage reduction in the U F O V ™ in a field
of 30 degree radius (Ball et al., 1993).
Reliability in adults.

Up to this point, the U F O V ™

has been used as a measure of visual attention in older
adults.

In developing the U F O V ™ as such a measure, an

investigation of the reliability (the extent to which
individuals exhibit the same score from one test session to
the next) of the U F O V ™ with older adults was performed.
The reliability of the U F O V ™ was demonstrated by the testretest method.
In this study, one hundred individuals 40 years of age
and older were tested on the Visual Attention Analyzer.

At

least two weeks after their first test session, the
individuals returned and were again tested on the Visual
Attention Analyzer (Ball, Owsley, Beard, Roenker, & Ball,
1989).

This investigation resulted in correlation

coefficients\reliability coefficients for the three subtests
ranging from r=.93-.97.

Thus for older adults, all three

subtests of the U F O V ™ were found to have good test-retest
reliability (Owsley, Ball, Sloane, Roenker, & Bruni, 1991).
Since the current research sought to use the Visual
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Attention Analyzer to discriminate between ADHD and normal
children, the reliability of the U F O V ™ as a measure of
visual attention in children needed to be determined.

As

part of the larger study, a reliability study was conducted.

Visual attention in children
Up to this point, the U F O V ™ has been used as a measure
of visual attention in older adults.

The U F O V ™ will now be

considered in relation to normal and ADHD children.

Because

the U F O V ™ has not been used in this capacity before, a
review of the literature of visual attention in children as
it pertains to the U F O V ™ will follow.

The instruments and

methods employed previously to measure attention in this
population vary somewhat from the U F O V ™ .
Components.
attention.

Enns (1990) proposed a taxonomy of visual

In his taxonomy, selectivity, the selection of

certain items for processing, is at the highest level.
Selectivity is then divided into priming,
search, and filtering.

integration,

Priming is considered the

presentation of items that help one to prepare for and
perform a subsequent task.

Integration is studied in terms

of the response to relations of simple features.

For

example, instead of looking for all blue items or all T's,
integration would require one to look for all blue T's.
Search is studied in terms of having a subject look for an
object that may or may not be in the visual field
(detection).

It also includes having the subject look for
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an object that is present but in an unknown location
(localization).

Filtering is ignoring extraneous

information so that other information may be processed more
efficiently.
Of these four divisions of selectivity, search and
filtering apply to U F O V ™ subtests 2 and 3.

But as Enns

(1990) also pointed out in his taxonomy, search may be
either overt or covert.

Overt search is moving the head and

eyes to line up the sensory resources
items to be attended to.

(the fovea) with the

Covert search is moving cognitive

resources to attend to stimuli without moving the head or
eyes.
Enns (1990) also included in his taxonomy the division
of covert orienting into two other components.

These

components are endogenous and exogenous orienting.
Endogenous orienting is voluntary or controlled.

Exogenous

orienting is stimulus-driven or automatic.
In the U F O V ™ tasks, search and filtering are covert
orienting tasks as the subject must detect and localize the
target stimulus without moving his/her head or eyes.

The

orienting is also exogenous since the targets appear
randomly, and attention is oriented to the target without
prior knowledge of where it will appear.
Based on these characteristics of the U F O V ™

subtests,

information on the study of covert orienting abilities will
be reviewed.

But before presenting this information, a

brief review of what is known about visual attention in
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children, how the study of covert orienting in children was
initiated, and the typical method used to measure covert
orienting will be presented.
Development.

In terms of attention in general, most

developmental studies show that younger subjects are not as
efficient as older subjects in ignoring irrelevant
information

(Enns & Cameron, 1987; Lane & Pearson, 1982;

Miller & Weiss, 1981).

But because the U F O V ™ is a covert

orienting task, interest lies mainly in how covert attention
has been measured and how it develops in children.
Posner's

(1980) cost-benefit paradigm has guided the

adult covert orienting experiments and is now being used to
guide the research in developmental studies.

In this task,

the subject detects a luminance change (the target)
somewhere in the visual field.

Before this light is emitted

though, a cue is given that is either neutral

(no

information given about the target's location), valid
(predictive of target location 80% of the time), or invalid
(predictive of target location 20% of the time).

Eye

movements are usually controlled by keeping stimulus onset
asynchrony

(SOA) between cue and target less than 250 msec,

or monitoring them when the SOA is greater than 250 msec.
Detection of the target is usually found to be faster
on valid trials than on neutral trials (benefits); detection
of the target is slower on invalid trials than on neutral
tasks (costs).

These benefits and costs are thus due to

orienting attention to a location before the target event
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occurs.

According to Posner, these benefits are due to the

activation of neural pathways which will be used to process
the target.
The focus now turns to the study of covert orientation
in children, which has only recently been subject to study,
with the exception of Miller (1973).

Miller (1973) required

children in the first, third, and sixth grades (mean ages
6.5, 8.5, and 11.5 years, respectively) and college students
(mean age 18.5 years) to find a target letter located at
various distances
letters.

(1°, 5°, 9°) from the center of an array of

The target (letter 0) was embedded among 400

dissimilar, non-target letters.

Exposure duration of the

array, presented on a tachistoscope, varied

(250, 500, 1000,

& 2000 msec) so that the task would entail both covert and
overt search conditions.
Miller (1973) found the greatest age differences with
the largest exposure durations.

In particular, he found

that adults were better than the children at locating the
target under both the covert and overt conditions, but
differences in performance were found to be greater at the
overt level than the covert level.

He also found that under

some circumstances, the adults were better at detecting
letters near the periphery of the array.

He interpreted

these results to be due to children having a slower scanning
speed or a slower speed of obtaining information from a
given area.
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As Enns and Brodeur (1989) pointed out though, this
experiment was confounded.

First, using letters as target

and distractors put the children at a disadvantage because
they had not had as much practice with these stimuli as the
adults.

Second, filtering was involved in the task.

Since

this was the first study in this area of research, it was
unknown and not considered how filtering may affect the
results.

It was possible that less efficient search for the

target or less efficient filtering of distractors, or both
was the cause of the children's less accurate performance on
the tasks.

Therefore, based on this study, conclusions

about children's covert orienting abilities were considered
null by Enns and Brodeur (1989) until further

investigation

occurred.
The next study to address covert orienting abilities in
children was conducted by Enns and Brodeur (1989) using a
covert search task, without distractors.

Their goals were

to see whether young children were capable of covert
orienting and whether there are developmental differences in
the ability to automatically shift attention.

They also

hoped to discover whether a predictive relationship between
cues and targets influences children's covert orienting, and
whether covert orienting competes with other tasks that
require attention.
To conduct the study, Enns and Brodeur (1989) had first
and third grade children (mean age 6 and 8 years,
respectively) and adults (mean age 2 0.5 years) perform a
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speeded classification task using Posner's paradigm.

Each

trial began with a fixation point (plus or minus sign) that
was presented for 500-1000 msec.

Five hundred milliseconds

after the fixation point's offset, a 0.5° square (the cue)
was presented in one (valid or invalid cue) or all
cue) of the possible locations of the target.

(neutral

These

locations were 2.4° arc left of fixation, at fixation, or
2.4° arc right of fixation.

The cue was followed by a 150

msec blank interval, after which there was a 50 msec
presentation of left or right pointing arrow (the target) in
one of the possible locations.

The subject's task was then

to press a key that corresponded to the direction the arrow
pointed.
In terms of Enns and Brodeur's (1989) goals, it was
found that children's (6 years old) reaction time on valid
cues were 100 msec faster than on invalid cues.

These

results suggested that children as young as 6 years of age
can orient covertly.

In terms of whether there is a

developmental difference in the ability to shift attention
automatically, it was found that there were differences in
the abilities of different age groups to shift attention.
Having the location of attention misdirected on invalid
trials slowed down the responses of younger subjects more
than the responses of older subjects.

Thus, the cost of

misdirection decreased with age.
As for the influence of a predictive cue-target
relationship, it was found for this task that only adults
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showed a significant difference in the orienting effect
between the unpredictable and predictable conditions.

The

adults were able to improve the automatic orienting effect
with endogenous orienting under the predictable

condition.

Lastly, the answer to whether covert orienting competes
for attentional resources was mixed.

It was found that for

all age groups, response priming was found for neutral and
unpredictable conditions, but not for the predictable
condition.

Because the predictable condition is the only

condition that allowed strategic orienting, Enns and Brodeur
(1989) suggested that some aspect of this endogenous
orienting competes for the same resources as response
priming in this task.
Seeing the results of the covert orienting studies as a
valuable start in looking for developmental differences in
visual attention, Brodeur and her colleagues started a
longitudinal study in 1988 to study how visual attention
components develop.
of age.

She started with children 3 to 5 years

Although the study is not finished, she reported

findings concerning covert orientation in Brodeur

(1990).

They used a task similar to the task described in Enns
and Brodeur (1989), except for using a small square and a
plus sign for targets.

They found that children as young as

three years old automatically shift their attention covertly
in response to peripheral cues.

She reported that in all

three year olds tested in 1988 and 1989, reaction times on
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valid trials were significantly shorter than reaction times
on invalid trials.
At present, these results are all that is available on
covert orienting in basic search tasks.

However, other

research has been performed in relation to covert orienting
in filtering tasks.

Akhtar and Enns (1989) conducted

research on this subject based on the cost-benefit paradigm
described earlier.
In this study covert orienting was measured by having
preschoolers, first graders, third graders, and college
students

(mean ages were 5, 7, 9, and 24 years,

respectively) perform a speeded classification task.
used a square and a plus sign as targets.
locations were used.

They

Only two possible

These locations were to the left and

to the right of fixation.
A filtering component was added to this task by having
distractors appear beside the targets on two-thirds of the
trials.

Thus the target appeared without distractors on

one-third of the trials.

Performance was measured only

under two conditions, a neutral and an unpredictable
condition.
There were three main findings from this study.

First,

the study provided more evidence that children can perform
covert orienting.

In this study, covert orienting was

displayed by children as young as 4 and 5 years old.
Second, the ability to filter distracting
improved with age.

information

Interestingly, it was also found that
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when children's attention was oriented by a valid cue,
children as young as 5 years were capable of filtering
distractors as well as adults.

Since this finding is

contradictory to most other research findings, although the
difference here may be that attention was drawn
automatically to location, further research is warranted.
Lastly, it was found that filtering and covert
orienting interacted.

There was large interference of

filtering on invalid trials, but little interference on
valid trials.
From these studies we now have a base of knowledge of
covert orienting abilities in children.

In summary, it has

been found that children as young as three years old
automatically orient their attention in the visual

field.

Also, 6 to 8 year old children are not able to use strategic
orienting when cues are predictive, as adults can, to help
improve performance.

Plus, covert orienting shares

resources with other attention demanding tasks such as
response priming and filtering.

Lastly, covert orienting,

response priming, and distractor filtering all improve with
age.
ADHD.

As far as covert orienting abilities in ADHD

children is concerned, this, too, is a new area of research.
Brodeur (1990) reported on another finding in her yet
unfinished study dealing in part with covert orienting.
purpose of this study is to determine whether there is a
relationship between clinical measures of ADHD

(behavior

One

22

rating checklist) and psychophysical measures of attention.
Correlations between the performance on the covert

(search)

orienting task and the four areas of the checklist

(conduct

disorder, hyperactivity, inattention, and composite index)
were calculated.

Although not found to be significant, the

correlation with hyperactivity was r= -.35, with inattention
r= -.34, and with the composite index r= -.26.

Based on

these findings, Brodeur (1990) suggested the possibility of
a connection between covert orienting and the clinical
measurement of ADHD.

She noted that this may be another

example of a relationship between covert orienting and other
attention measures that may not be present for overt
orienting tasks.
Burke (1990) also conducted research that may prove
beneficial to the study of covert visual attention and ADHD.
His investigation was an attempt to obtain measurements of
normal behavior on tasks used to identify ADHD.

He took

normal children (first graders and fifth graders) and
divided them into high and low impulsive groups.

One of the

tasks he gave the children was the covert visual attentional
task similar to those used in the previously discussed
studies.

In this study, SOA varied between 0 and 400 msec

and cue predictability varied between a 50% and 80%
condition.
As with other studies, the children's reaction time
benefited from a valid cue, but exhibited reaction time
costs in the invalid cue condition.

Although not found to
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be significant, it is interesting that the older and lowimpulsivity children responded an average of 66 msec

faster

to each type cue than the younger and high-impulsive
children.
A significant SOA x Degree x Impulsivity interaction
was found.

In the 50% condition, as SOA increased from 0

msec, reaction time increased for both high and low
impulsive children.

It was found though that high-impulsive

children reached optimal alertness at 250 msec SOA, while
low-impulsive children reached their optimal level at 150
msec SOA.

Also, while low impulsive children retained their

level of alertness, high impulsive children lost theirs
after a short time.
With this bit of evidence that suggested

attentional

deficits associated with impulsivity are related to
differences in alerting, Burke (1990) suggested this as one
way to measure sustained attention ability or "alerting
efficiency."

Taking this finding into consideration, along

with the possibility of ADHD children being slower
information processors when complexity of the visual tasks
increases

(Denton & Mclntyre, 1978; van der Meere &

Sergeant, 1988) or distracted by irrelevant information more
than normals (Rosenthal & Allen, 1980; Radosh & Gittelman,
1981), it is proposed that the U F O V ™ can be used to study
the link between ADHD and visual attention
orienting).

(covert
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The overall U F O V ™ scores can be used to determine if
there is a difference in performance between ADHD and normal
children.

The measures obtained for subtests 2 and 3 can be

used to identify the fastest level (in msec) both normal and
ADHD are able to perform and be analyzed in terms of
"alerting efficiency."

The results from subtest 3 may

possibly be used to help answer the question of whether ADHD
children are slower information processors or less efficient
at attending selectively than normal children.
In this study, the goal is to determine whether there
is a link between ADHD and visual attention as measured by
the U F O V ™ .

Along with this, measures will be obtained on

tasks used to differentiate ADHD from normal children and
other selected attention tasks.

The main purpose of these

tasks is to see how well they correlate with U F O V ™ , but
they will also be analyzed in terms of differences between
the ADHD and control group's performance.

Chapter III
EXPERIMENT 1: RELIABILITY STUDY

In order to test the hypothesis that the U F O V ™ Visual
Attention Analyzer may be used as a measure to discriminate
between children with ADHD characteristics and normal
children, the reliability of the U F O V ™ as a measure of
visual attention in children needed to be determined.

The

technique for assessing the reliability of the U F O V ™ when
used as a measure of children's visual attention, as with
the older subjects, was the test-retest method.
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Method
Subjects
Ninety-five children ranging in age from six to fifteen
years of age participated in the experiment.
were residents of Warren County, Kentucky.

The children
The children

were recruited by word of mouth. University employees were
approached by the experimenter regarding their childrens'
participation in the study.

Often, these parents provided

names of friends who also had children.

These adults were

then contacted by phone, and an invitation for their
children's participation in the study was extended. Children
completing the study were paid $5.00.
Materials
Parents of the subjects completed a consent form
(Appendix B) and a subject information sheet (Appendix C).
The Baily-Lovie Acuity chart and the Pelli-Robson ContrastSensitivity chart were used to assess the subjects' visual
qualifications. This vision screening was performed to
ensure that difficulty with the visual attention program was
not due to vision problems. Along with these eye charts, the
Visual Attention Analyzer located in the Vision Lab of
Western Kentucky University was used in performance of the
experiment.
Procedure
Prior to any testing, the subject was given a brief
description of the study, told what would be required of
him/her, and told to ask questions and take rest periods as
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needed.

Subjects were then given the task of reading the

Baily-Lovie Acuity Chart and the Pelli-Robson Contrast
Sensitivity Chart.

The Baily-Lovie Acuity Chart was read

from a distance of four meters.

The Pelli-Robson Contrast

Sensitivity Chart was read from a distance of 1 meter.
Afterward, the subjects were tested on the Visual
Attention Analyzer, which was described earlier in the
literature review.

At the start of each U F O V ™ subtest, the

task to be performed was explained.
given four practice trials.

The subject then was

More practice was optional if

the subject did not understand the task or did not feel
prepared to start the experimental trials.

Although more

practice was optional, only a total of 16 practice trials
were allowed in an attempt to control practice effects.
The subject was reminded to maintain his/her focus on
the fixation box presented in the center of the screen for
each subtest.

If the subject was not sure of a response for

either the central or peripheral tasks, they were instructed
to make a guess at the identity of the central object or the
location of the peripheral target.

After a response was

made the subject was not informed of accuracy by the visual
attention program.

Rest periods were taken by the subject

between blocks of trials if needed.
Upon completion of the test a computer printout of the
subject's results was generated.

After testing, the subject

was scheduled for his/her next testing session.

At least

two weeks later, the subject returned to the Vision Lab and
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was again tested on the U F O V ™ Visual Attention Analyzer.
The same testing procedure was followed and again a computer
printout of the results was generated.

After completion of

the testing, the subject was paid.
Results
Although 95 children participated in the study, only 94
children completed the test.

Two children were then

discarded from this sample of 94.

One child, age 6, was

discarded because of suspected head injury.

The other

child, age 9, was discarded for attempting to end the task
early by missing items on purpose.
The age range for the remaining 92 children who
completed the testing was six years, two months to fifteen
years, three months.

The age distribution

(in years) for

this group of children is shown below in Figure 1.

Age Distribution (in years)

YEARS of AGE

Figure 1
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All children had at least 20/25 vision as measured by
the reading of the Baily-Lovie Acuity Chart and a log score
of 1.65 as measured by the reading of the Pelli-Robson
Contrast Sensitivity Chart.

These scores classified all the

children as having good vision and visually capable of
performing the U F O V ™ Visual Attention Test.
In terms of the U F O V ™ Visual Attention Test, the mean
and standard deviation was calculated for each subtest score
and for the composite score.

These descriptives were

calculated for both test sessions and can be found in
Appendix D, Table 1.

A reliability coefficient

(Pearson

product-moment correlation) was also calculated for each of
the three subtests and for the composite score (Appendix D,
Table 2).
Scores for Subtest 1 for both testing sessions ranged
between 0 and 5 when a total score of 30 was possible.
There was little variability in the scores (Appendix D,
Table 1), leading to an insignificant

reliability

coefficient for Subtest 1, r(92) =.03 (Appendix D, Table 2).
Although the reliability coefficient, due to lack of
variability, gives Subtest 1 the appearance of being
unreliable, everyone scored between 0 and 5 both times they
were tested.

Although the reliability coefficient doesn't

reflect it, the results were highly consistent.
Scores for Subtest 2 ranged between 0 and 30 for the
first test session.
between 0 and 5.

Scores for the retest session ranged

Again, the total score possible was 30.
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The reliability coefficient for Subtest 2 revealed a
significant relationship between the test-retest

scores,

r(92) = .59, p < .001 (Appendix D, Table 2).
Scores for Subtest 3 ranged between 0 and 30 for the
first test session.

Scores for the second test session

ranged between 0 and 22.5.
range of scores was 0 to 30.

As stated earlier, the possible
The reliability coefficient

for Subtest 3 revealed a significant relationship between
the test-retest scores, r(92) = .68, p < .001 (Appendix D,
Table 2).
Both Subtest 2 and Subtest 3 scores exhibited more
variability than Subtest 1 scores, although the scores were
somewhat restricted

(Appendix D, Table 1).

This increased

variability resulted in significant, higher reliability
scores for Subtest 2 and Subtest 3.
The composite score ranged between 0 and 60 for the
first test session.

For the second test session, the

composite score ranged between 0 and 32.5.
score possible was 90.

The maximum

The reliability coefficient for the

total or composite score revealed a significant

relationship

between test-retest scores, r (92) = .71, p < .001.
Although a significant correlation was found for
Subtest 2, Subtest 3, and the Composite test-retest, it was
noted that the scores obtained varied very little along the
possible range for each subtest and composite.
are truncated, the result is often truncated
coefficients.

When scores

reliability

Thus, with these truncated scores, it is
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significant that a relationship was found between test and
retest scores.
After further inspection of the scores, it was found
that there was little variability in the older children's
scores.

Testing experience with these children suggested

that we were working with two distinct groups, and thus the
six and seven year olds were placed in one group and the
eight through fifteen year olds in another group.
Descriptives and reliability coefficients were again
calculated for the subtests and composite for both groups
(Appendix D, Tables 3 through 6).

These recalculations

confirmed the expectation that the younger and older
children were different on their test performance.

The

means for the younger group were much larger than the older
group, and there was greater variability in the younger
children's scores.
As far as reliability ratings, there were significant
relationships for Subtest 2, Subtest 3, and the Composite
score for the younger group.
ranged between

Since these correlations

.54 and .70, the U F O V ™ would be considered

to be a test of moderate reliability for six and seven years
olds.

Only Subtest 3 and the Composite score revealed a

significant relationship for the older group.

The

correlations for these components, respectively, were
and

.44, which are considered to be low-moderate

ratings.

.41

reliability

Reviewing the descriptives for this group revealed

that all of the difference within this group was attained in
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Subtest 3, and this difference was carried forward into the
Composite score.
These low-moderate reliability ratings for the older
group, as previously mentioned, are due to a restricted
range of scores.

To overcome this problem, another measure

of reliability was generated by looking at the discrepancy
between the composite scores of the first and second
testing.

As 83% of the 8 to 15 year olds scores fell within

± 7.5 points (Appendix D, Table 8), the U F O V ™ is a reliable
measure of visual attention for the older group even though
this is not reflected by the correlation coefficient due to
the truncated range of scores.

In fact, in this regard, the

measure is more reliable for the eight through fifteen year
old group than the six and seven year old group as only 38%
of the younger groups retest scores fell within + 7 . 5
of their first test score (Appendix D, Table 7).

points

Thus,

these measures of the difference between test and retest
scores reveal the reliability of the measure to be greater
for the older group than the correlation coefficient would
lead one to believe.
Discussion
As a group, the subjects had relatively little
difficulty performing the three subtests of the U F O V ™
Visual Attention Analyzer.

The lack of difficulty in

performing the tasks can be noted because of the fact that
the range of scores was truncated for each subtest and the
composite, and there was little variability

(Table 1) among
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the scores for the subtests and the composite.

Because the

reliability of a test is lowered due to truncated scores, it
is remarkable to find significant relationships for each
subtest and composite score when the reliability coefficient
is calculated.
After testing these children, it was obvious that the
majority of the variance in the group scores would be due to
the six and seven year olds performance.

Therefore, the

children were divided into two groups: 1) six and seven year
olds, 2) eight through fifteen year olds.

Descriptives and

reliability coefficients were calculated for both groups'
performance on the U F O V ™ .

This analysis confirmed there

was a difference between the two age group's performance.
Based on this analysis, we can conclude the U F O V ™
Visual Attention Analyzer to be a test of moderate
reliability when used as a test of visual attention in six
and seven year old children and low-moderate reliability
when used with eight through fifteen year olds.

Since the

low-moderate reliability coefficient for the older children
was due to a restricted range of scores, an analysis of the
difference of the first and second testing composite scores
was performed.

Because there were small differences in the

test and retest composite scores for the majority of the
older group, the U F O V ™ Visual Attention Analyzer is a more
reliable measure for the eight through fifteen year olds
than the reliability coefficient purports.

Chapter IV
EXPERIMENT 2: VISUAL ATTENTION IN ADHD

With the U F O V ™ established as a reliable measure in
children six to fifteen years of age, the next step was to
determine whether the U F O V ™ could discriminate between
children with ADHD characteristics and normal children.
Children in the study were not only tested on the U F O V ™
Visual Attention Analyzer but were also tested on the Gordon
Diagnostic System to help in further assessing attentional
skills.

Additional attentional tests were simple and choice

reaction time, an incidental learning task, and the Stroop
task.

These tasks were not only given to identify

correlates of the U F O V ™ but also to see if the normal and
children with ADHD characteristics would also differ on a
variety of attentional tasks.
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Method
Subjects
The subjects were 28 children who ranged in age from 6
years, 9 months to 12 years, 7 months.

These participants

were classified as displaying ADHD characteristics or
normal.

The children in the normal group were matched with

the group displaying ADHD symptoms based on gender and age.
They were also matched on IQ as closely as possible.
Subjects classified as displaying ADHD characteristics
were recruited by an ad placed in the local newspaper.

To

attract the attention of parents with children displaying
behaviors characteristic of ADHD, the ad listed 5 of the 14
criteria behaviors noted in the DSM-III-R as behaviors that
may lead to the diagnosis of ADHD.

It was announced that a

screening for children displaying ADHD characteristics was
being held as part of a study being conducted at Western
Kentucky University.
The criteria for inclusion in the group displaying ADHD
symptoms were as follows:
1) defined as displaying ADHD characteristics by the
screening criteria.

Conner's behavior rating scales were

completed by both parent and teacher.

A child was included

in the group described as displaying attention deficit
characteristics if the child was rated 1.5 standard
deviations above the mean on the scales indicative of
attention deficit/hyperactivity by the parent and/or
teacher.
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2) no history of head injury,

seizure/neurological

disorder, severe developmental delay, or psychiatric
disturbance
3) an IQ estimate of at least 70
4) not currently on medication prescribed for ADHD
characteristics.
Two seven year old children who had previously been
diagnosed as displaying ADHD characteristics went through
the screening.

They qualified for inclusion in the study

since they were not taking any medication at the time of
this study.
The majority of the subjects classified as normal
were children who had participated in the reliability study.
The parents of the children who met the gender and age
requirements were contacted and queried in regard to their
children's participation.

The single subject who was not

recruited in this fashion was a child of a faculty member.
The children in the normal group also went through the
screening process.

To be included in the control group, the

children had to receive a score below 1.5 standard
deviations above the mean on both the parent and teacher
behavior rating scales.

The other criteria for inclusion

were identical to those for the group displaying ADHD
symptoms.
After one session of testing, each subject was given a
coupon for a free soft drink from a local fast-food
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restaurant.

After the second and final session of testing,

each subject was paid $5.00.
Materials
Screening

Information.

A) Consent form and Subject information sheet
Parents of the subjects completed a consent form (See
Appendix B) and a subject information sheet
C).

(See Appendix

The subject information sheet contained questions to

determine if the child met the criteria for inclusion in the
study.
B) Acuity and Contrast Sensitivity charts
As in the reliability study, the Baily-Lovie Acuity
chart and the Pelli-Robson Contrast-Sensitivity chart were
used to assess the subjects' visual qualifications. This
vision screening was performed to ensure that difficulty
with the visual attention program was not due to vision
problems.
C) Color vision
As the Stroop required the children to see color, color
vision was screened.

If the child did not have normal color

vision or know color names, s/he would be excluded from the
Stroop task.

Color vision was screened in two different

ways: 1) a test of color vision and 2) a test of knowledge
of color names.

These tests were pertinent to being able to

perform the Stroop, a selective attention task.

The

Standard Pseudoisochromatic Plates were used to assess color
vision.

Ten plates each containing two numbers of varying
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color or shade were used.

As long as the child could read 8

out of 10 cards correctly, color vision was considered
normal.
Solid-colored flash cards (blue, red, green, and brown)
were used to make sure the children knew the colors that
were being used in the Stroop task.

These flash cards were

laminated strips of construction paper.
D) Color-word flash cards
As the Stroop also required the children to read names
of colors (blue, red, green, and brown), flash cards were
made to test the child's ability to read these color names.
There was one flash card for each color.

If the child was

unable to read color names, s/he would be excluded from the
Stroop task.
E) Number flash card
Two of the Gordon Diagnostic System tasks required
knowledge of one digit numbers.

Gordon Diagnostic Systems,

Inc., provided a card with the numbers 0 through 9 displayed
on it.

This card was used to test the children's knowledge

of numbers.

If the child did not know these numbers, s/he

was excluded from the GDS Vigilance and Distractibility
Tasks.
F) Conners' Parent and Teacher Rating Scales
A school psychologist-in-training used the Conners'
Parent Rating Scale (CPRS-48) and the Conners"
Rating Scale (CTRS-28) to screen for ADHD.
Parent Rating Scale-Revised

Teacher

The Conners'

(CPRS-48) is a 48 item
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questionnaire, and the Conners' Teacher Rating Scale

(CTRS-

28) is a 28 item questionnaire filled out by the parents and
the teacher, respectively.

These normed scales have been

shown to help discriminate between children with ADHD
characteristics and normal children.

The CPRS-48 generates

scores on conduct problems, learning problems,
psychosomatic, impulsive-hyperactive, anxiety, and
hyperactivity index.

The CTRS-28 factors include conduct

problems, hyperactivity, inattentive-passive, and
hyperactivity index.
In terms of psychometric properties, Martens'

(1992)

review of all the Conners' scales revealed high to moderate
(r = .91 to r = .33) test-retest reliability

coefficients,

with time between evaluations ranging from 2 weeks to 1
year.

In addition to this, Oehler-Stinnet

(1992) cited a

study in her review of the Conners' scales that found testretest reliability coefficients for the CTRS-28 after a one
week interval to range from r = .88 to r = .96.
In terms of validity, the convergent validity
coefficients of the CTRS-28 factors with the original
version of the teacher scale (CTRS-48) ranged from r = .82
to r = .92 (Goyette, Conners, & Ulrich, 1978); with the
Teacher Version of the Child Behavior Profile, validity
coefficients ranged from r = .62 to r = .90 (Edelbrock,
Greenbaum, & Conover, 1985, cited in Oehler-Stinnet,

1992).

Convergent validity of the CPRS-48 factors with the original
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version of the parent scale (CPRS-93) ranged from r = .63 to
r = .94 (Goyette et al, 1978).
As far as discriminant validity, Conners

(1989) cites

studies showing that his behavior rating scales do
discriminate between children with ADHD characteristics and
other children (normal, learning disabled).

Studies are

also cited that show the scales to be sensitive to stimulant
medication.

Based on these sources of information, the

Conner's scales are judged to have satisfactory psychometric
properties.
Academic Measures.
A) WISC-III
A school psychologist-in-training used the Wechsler
Intelligence Scale for Children-Third Edition to obtain a
standardized estimate of intelligence.

For the purpose of

this study only two of the subtests were given: block design
and vocabulary.

Of the combinations using two subtests to

obtain an intelligence estimate, these two subtests had the
highest validity coefficients

(r = .91).

Average

reliability coefficients using the split-half method are
vocabulary

(r = .86) and block design (r = .85).

B) WIAT Screener
A school psychologist-in-training used the Wechsler
Individual Achievement Test Screener to obtain an
achievement estimate.

This screener is composed of basic

reading, mathematics reasoning, and spelling subtests.
Psychometric properties are satisfactory as split-half
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reliability coefficients range from r = .84 to r = .94; the
test-retest reliability coefficient with five grades used is
r=.95; and content validity coefficients for the WIAT
subtests with other achievement test subtests range from r =
.73 to r = .90.

As an attention deficit disorder would be

expected to influence academic achievement, this
standardized measure of achievement was used to see if there
were achievement differences between the normal and ADHD
children in the study.
Diagnostic Attention Tasks.
A) Visual Attention Analyzer

(UFOV™)

The Visual Attention Analyzer located in the Vision Lab
of Western Kentucky University was used.

Dependent measures

were the scores generated for subtest 1, subtest 2, subtest
3, and the composite score.
B) Gordon Diagnostic System, Model III-R
The Gordon Diagnostic System (GDS) is an assessment
device that aids in the diagnosis of ADHD.

This device

consists of a small red light above a digital display on the
top portion of the portable console and a blue button on the
bottom portion of the console.

It is used to obtain

objective information about a child's ability to sustain
attention and use self-control.
The GDS is composed of three tasks: the Delay Task, the
Vigilance Task, and the Distractibility Task.

Norms were

established by testing over 1200 children, with the majority
of these children being from the upstate area of New York,
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an area identified by Walsh, 1985, (cited in Gordon and
Mettelman, 1988) as representative of the United States
population.

Scores for each task are defined as normal,

borderline, and abnormal depending on age. Gordon uses the
following age divisions: 4, 5, 6-7, 8-9, 10-11, and 12-16
year olds.
Test-retest reliability coefficients for the scores
generated for the Gordon subtests range from r = .60 to r =
.85, with the interval between test and retest ranging from
2 to 45 days (Gordon & Mettelman, 1988).

As far as

validity, Gordon (GDS manual) reports correlations in the .5
to .6 range with other lab measures

(Fruit Distraction Test,

Visual Aural Digit Span Test, and the Wide Range Achievement
Test).

Gordon has published articles

(Gordon, 1979; McClure

& Gordon, 1984) and cites other studies in the GDS manual
(1991) that report the Gordon Diagnostic System
discriminates between normal children and children with ADHD
characteristics.

One of his more recent publications

(Fischer, Newby, & Gordon, 1993) reports an overall correct
classification rate of 70% by the GDS for a sample of
children diagnosed as ADHD.

The sample (n=138) of children

ranged in age from 4-17 years.

This classification rate did

vary across age, with a 20% (5/25) classification
being the lowest rate of agreement

agreement

(12 -17 year olds).

Overall, the GDS evidences moderate reliability and low to
moderate validity.

43

For the Delay Task, the child was instructed to push
the blue button, wait a while, then push it again.

The

objective was to wait long enough in order to make the red
light come on and to collect a point, which was displayed on
the digital counter.

If the child did not wait long enough

before pushing the blue button, the red light would not come
on, s/he would not collect a point, and the wait period
started again.

The child was not told how long to wait

before pushing the button again.
For the Vigilance Task, the child was told to watch the
numbers flashing on the digital display.

Each time s/he saw

a "9" that followed a "1," the child was to hit the blue
button.

The child was told s/he would be told how many

points s/he won at the end of the game.
For the Distractibility Task, numbers flashed one at
time in the three columns of the digital display.

The child

was told to watch the middle column of the digital display.
Again, each time s/he saw a "9" that followed a "1," the
child was told to hit the blue button.

The child was told

to try to ignore the numbers in the other columns.

Again,

the subject was told how many points he received at the end
of the game.
The dependent measures generated by the Delay Task were
Total Efficiency Ratio (ER), which equaled the number of
correct responses/number of total responses; ER Block
Variability, the standard deviation of the four Block ER
scores which provided a measure of the consistency of
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responses across the session; Slope Score, calculated by
(ER3 + ER4)/2 - (ER1 + ER2)/2 which determined if any trends
existed across blocks; Total Responses, total number of
times the button was pressed; and Total Correct, total
number of times button pressed after the target time
interval had passed.

Each of these scores was classified as

normal, borderline or abnormal.

For analyses purposes, each

item was given a code to reflect the score's

classification.

Normal was coded as 1, borderline was coded as 2, and
abnormal was coded as 3.
Using interpretations provided by the Gordon Diagnostic
System manual (1992), these classifications allowed the
child to be rated as normal, borderline, or abnormal on the
Delay Task as a whole.

As with the single item coding, the

rating of normal was assigned the code 1, the rating of
borderline was assigned the code 2, and the rating of
abnormal was assigned the code 3.

The item carrying the

most weight in the rating system was the Total ER.
The dependent measures for the Vigilance Task were
Total Commissions, number of responses made to a digit other
than a "9" when it followed a "1"; Commissions Block
Variability, the standard deviation of the three Block
Commission scores; and Total Correct, number of responses to
a "1/9" sequence.

As with the Delay Task, these scores were

classified as normal, borderline, or abnormal using the same
system used with the Delay Task.

The child's performance on

the Vigilance Task as a whole was rated similarly

(i.e., 1,
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2, or 3) using the interpretations provided in the GDS
manual.

The item carrying the most weight was Total

Correct, followed by Total Commissions.
The dependent measures of the Distractibility Task were
Total Commissions, Commissions Block Variability, and Total
Correct, all defined exactly as they were for the Vigilance
Task.

These measures were classified as normal, borderline

or abnormal and were coded as 1, 2, and 3, respectively.
Based upon overall performance, the child was rated as
normal

(1), borderline (2), or abnormal

Distractibility Task.

(3) on the

As with the Vigilance Task, the item

carrying the most weight was Total Correct.

The secondary

item was Total Commissions.
Once all the GDS tasks were rated for overall
performance, two other ratings were formed for analyses and
categorization purposes.

Because the criteria to be

included in the ADHD group were minimal, these ratings were
used to make the definition of ADHD more stringent.

With

both subjective and objective criteria for inclusion in the
group displaying ADHD characteristics, the classification as
ADHD was merited.
One rating was called the Gordon Delay and Vigilance
Overall Rating.

This rating was formed by summing the

overall ratings from the Delay Task and the Vigilance Task.
The range of sums was 2 to 6.

The sum of 2 was considered

normal; the sum of 3 was considered borderline; and the sums
4, 5, and 6 were considered abnormal.

46

The second rating was called the Gordon Delay,
Vigilance, and Distractibility Overall Rating.

This rating

was formed by summing the overall ratings from the Delay
Task, the Vigilance Task, and the Distractibility Task.
range of sums was 3 to 9.
considered normal.
borderline.

The

The sums of 3 and 4 were

The sums of 5 and 6 were considered

The sums of 7, 8, and 9 were considered

abnormal.
The first overall rating was formed as the GDS
concentrated on the interpretation of the Delay Task and the
Vigilance Task.

The second overall rating added the

Distractibility Task's overall rating since it is a
relatively new measure and is not interpreted as fully as
the Delay and Vigilance Tasks.

Auxiliary Attention Tasks.
Sustained Attention
A) Simple and Choice Reaction Time
This sustained attention task used a reaction time box.
The reaction time box is a small device composed of a series
of four different colored lights located at the top of the
box.

A button is located under each light at the bottom of

the box.

The reaction time box generated simple (one light)

and choice (two lights) reaction time measures by requiring
the child to hit the button under an illuminated light as
fast as possible.
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As these tasks required a constant monitoring on the
part of the child for several minutes, these measures
provided objective information about a child's ability to
sustain attention.

The sustained attention tasks' dependent

measure was time taken to hit the button once a light
illuminated.

Time was measured in seconds.

Selective attention/inhibition tasks
A) Stroop Color-Word Test
This computerized test consisted of three screens.
first screen had two columns of eight colored blocks.
blocks were composed of four colors represented

The
These

equally.

The subject's task was to name the color patches.

The

second screen had two columns of eight color words, equally
composed of the four colors used in screen 1.
task was to read the color words.

The subject's

The third screen had two

columns of eight color names (four colors equally
represented).
ink color.

Each color name was written in an opposing

The subject's task was to name the color ink

that the color word was presented in, not to read the word.
Dependent measures for each screen were response time in
seconds and number of errors made.

The measure of selective

attention/inhibition was obtained by subtracting the time
needed for reading color words (screen 2) from the time
needed for naming the color that the words were printed in
(screen 3).
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B)Incidental Learning Task
This task consisted of a series of 6 cards mounted on
posterboard.

Each card had a flap covering it until it was

lifted to expose the card.

On each card there were two line

drawings, one at the top and the other at the bottom.

One

drawing was an animal and the other was a household object.
Some cards had the animals on top while others had the
animal at the bottom.
The subject was placed in either the animal
group or the household object location group.

location

For the

subjects in the animal location group, the experimenter
showed a cue card with an animal on it and asked where the
card with this animal was located--vice versa for the
household object location group.
were switched after each trial.

The positions of the cards
After the last trial, the

subject was shown a card with all non-target objects on it
(e.g., animal group was shown household objects).

The

subject was then shown the target cards one at a time and
asked to identify the non-target object that was always
paired with it.

If the subject was paying attention to only

the items s/he was told to remember, few pairs should be
remembered.
Dependent measures were the number of positions
correctly recalled

(central task score) and the number of

correct target/non-target pairings

(incidental task score).

The incidental task score was used as the selective
attention measure.
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Procedure
Screening

Information.

The ad was placed in the local newspaper to
recruit subjects displaying ADHD behaviors.

After receiving

inquiries from interested parents, the CPRS-39 was mailed to
the parent(s).

Another form was also included which gave

the researcher permission to ask the teacher to fill out the
CTRS-28.

Addressed, stamped return envelopes were provided.

Upon return of these items, the child's teacher was
contacted by phone to explain the nature of the research and
asked for his/her assistance by filling out the CTRS-28.
With only positive responses, the CTRS-28 was mailed along
with the permission form signed by the parent to obtain this
information from the teacher.

An addressed, stamped

envelope was also provided.
After the receipt of the completed CPRS-39 and the
CTRS-28, the school psychologist-in-training scored these
behavior rating forms.

The researcher contacted each parent

afterward to inform him/her whether the child fit the
criteria to participate further in the study.

Children who

received a T-Score of 65 or greater on either the parent or
teacher behavior rating scale were invited to come in to the
Vision Lab for further assessment.
The assessment involved two visits to the lab, each
session lasting approximately one hour.

At the beginning of

the first session the parent filled out the consent
(Appendix B) and subject information sheets

form

(Appendix C)
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which inquired whether the subject had a history of head
injury, seizure/neurological disorder, severe developmental
delay, or psychiatric disturbance.

It was also asked

whether the child was currently on medication prescribed

for

ADHD.
If no problems were noted, further testing was
undertaken.

But prior to any testing, the subject was given

a brief description of the study, told what would be
required of him/her, and told to ask questions and take rest
periods as needed.

Subjects were then given the task of

reading the Baily-Lovie Acuity Chart and the Pelli-Robson
Contrast Sensitivity Chart.

The Baily-Lovie Acuity Chart

was read from a distance of four meters.

The Pelli-Robson

Contrast Sensitivity Chart was read from a distance of 1
meter.
Next, the color vision screening, color-word
and number screening were performed.

screening,

One part of the color

vision screening involved using the Standard
Pseudoisochromatic Plates.

The child viewed ten plates,

from a distance of 30 inches, that each contained two
numbers of varying color or shade.

For each plate, he/she

was asked to tell what number he/she could read better.
Four practice plates were viewed before the actual test
plates.
The other part of the color vision screening was having
the child name the color of the solid-colored flash card
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shown to them.

The four flash cards used (red, blue, green,

and brown) were presented

individually.

For the word screening, the children were shown flash
cards with a color name printed on it.
to read the name of the color out loud.

The child was asked
These four flash

cards (red, blue, green, and brown) were presented
individually.
The number screening involved showing the number flash
card to the child.

Because all the numbers were printed on

the same card, each number was pointed to randomly.

The

child was asked to name the number pointed to by the
researcher.
After these tasks the child usually participated in the
session where measures of intelligence and achievement were
obtained since an estimated IQ of at least 70 was needed for
inclusion in the study.

This session was not first if the

school psychologist-in-training was not available.
this session, the school

During

psychologist-in-training

administered the WIAT Screener and then the WISC-III block
design and vocabulary subtests following standard testing
procedures.

If time allowed, one of the least time

consuming attention tasks was performed.
Using the information collected during the reliability
study, parents of children who matched the ADHD children's
gender and age were contacted about their child's
participation in the study as a control subject.

As before,

the CPRS-39 and the CTRS-28 were filled out for these
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children.

The same procedure was followed for obtaining the

information that was used for the children displaying ADHD
characteristics.

Children who received a T-score less than

65 on both the parent and teacher behavior rating scales
were invited to continue in the study.

The procedure for

session one was as just described for the children
displaying ADHD behaviors.
Attention Tasks.
The second session involved, unless one task was
performed at the end of the first session, the diagnostic
attention measures

(UFOV™ and Gordon Diagnostic System) and

the auxiliary task measures (simple reaction time, choice
reaction time, Stroop task, and incidental learning task).
The U F O V ™ was performed first since the matched subjects
from the reliability study had performed only this attention
task during their initial visit.

In essence, this task was

the one the reliability subjects performed; therefore, they
were fresh for the task.

The other tasks were performed in

random order.
This procedure was followed for the control subjects,
with a few exceptions.

One exception was that the control

subjects who had been involved in the reliability study were
excluded from the reading of the eye charts during the first
session.

The second session excluded the U F O V ™ Visual

Attention task for these same individuals.

These tasks were

excluded because they had been performed previously, and the
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scores could be obtained from their first visit during the
reliability study.
A) U F O V ™ Visual Attention Analyzer
As with the reliability subjects, at the start of each
U F O V ™ subtest, the task to be performed was explained.
subject was then given four practice trials.

The

The subject

was reminded to maintain his/her focus on the fixation box
presented in the center of the screen for each subtest.

If

the subject was not sure of a response for either the
central or peripheral tasks (subtests 2 and 3), s/he was
instructed to make a guess at the identity of the central
object or the location of the peripheral target.

After a

response was made the subject was not informed of accuracy
by the visual attention program.

Rest periods were taken by

the subject between blocks of trials if needed.
B) Gordon Diagnostic System
The child was seated in front of the Gordon Diagnostic
System.

Before each of the three attention tasks,

directions were given.
for each task.

Standard directions were provided

These tasks were performed in the following

order: Delay Task, Vigilance Task, and Distractibility Task.
Refer to the materials section for a description of these
tasks.
C) Simple and Choice Reaction Time Tasks
The child was seated in front of a reaction time box.
The child was instructed to place his hand on the table in
front of the box and to prepare to hit the button below the
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red light on the box as fast as possible when the light came
on.

The child then received a warning signal from the

experimenter to prepare to respond.

After a period of delay

(3 to 10 seconds), the reaction signal (red light) came on
and the child was required to hit the response button as
quickly as possible.

After fifteen trials, the child was

given further instructions.
The child was again told to place his hand in the table
in front of the reaction time box.

Instructions were given

that this time either the red light or the white light,
which were located next to each other on the box, would
light up.

Again, the task was to hit the button below the

light that came on as fast as possible.

After thirty trials

of this choice reaction time task, the child was instructed
that only the red light would come on and fifteen more
simple reaction time trials were performed.
D) Stroop
The child was given instructions before the
presentation of each screen.

For the first screen with the

colored blocks, the child was asked to name the color of the
blocks as fast as possible.

The child was told to begin by

naming down the column on the left and to continue naming
the colors in the right column without making any mistakes,
but if mistakes were made to correct them.

For the second

screen which had two columns of eight color words, the child
was asked to read the words as quickly as possible without
making any mistakes.

Again the child was instructed to
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begin with the left column and then to proceed to the right
column.

For the third screen which had two columns of eight

color names written in an opposing ink color, the child was
asked to name the color that the word was printed in as
quickly as possible without making any mistakes, but if
mistakes were made to correct them.

Again, the child was

told to read down the left column and then the right column.
Before each screen was presented, the child was shown
an example of the screen that would be seen to make sure
s/he understood the task.

Time was measured from the first

response to the last response for each screen.

The child's

responses were recorded for later scoring.
E) Incidental Learning
The six cards with the animal-household object pairs
were mounted on posterboard.
it.

Each card had a flap covering

Half of the subjects were told to remember the location

of each animal while the other half were told to remember
the location of each household object.
Each flap was lifted starting with the card on the
child's left.

Each pair was exposed for 2 seconds.

For the

subjects in the animal location group, the experimenter then
showed a cue card with an animal on it and asked the child
to point to where it was--vice versa for the household
object location group.

After the child pointed to the flap

it was raised to see if the correct location was chosen.
Following the raising of this flap, all other flaps were
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raised in order to equalize viewing time of the other
drawings.
After each trial, the cards were switched to different
locations. The trials continued for a total of six trials,
with each location containing a cued object once.

After the

sixth trial, the subject was shown a card with all nontarget objects on it (e.g., animal group was shown household
objects).

The subject was then shown the target cards one

at a time and asked to point to the non-target object that
was always paired with it.
Before the actual test, three practice trials using 3
non-test cards were carried out.

The child was told to

remember the location of each animal or household object.
These trials were used to make sure the subject understood
the directions for remembering and locating the target
items.

After the practice trials, the subject was asked to

name the pictures on the cards to be used in the test.

The

child was told to remember the same type of picture as in
the practice trials.
Results
Since it was learned from the reliability study that
the six and seven year olds were distinct from the eight
years and older children, the data collected from this study
were analyzed separately for the two groups.
were each composed of fourteen subjects
pairs).

The two groups

(seven matched

The results will be presented for each group in the

same fashion.

First, correlational analyses will be
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presented.

Next, group difference analyses on the academic

and attention measures will presented.
For the correlational analysis, the U F O V ™ subtests and
composite scores were correlated against the Delay task,
Vigilance task, and Distractibility task measures of the
Gordon Diagnostic System.

The U F O V ™ subtests were also

correlated against the Stroop, incidental learning, and
simple and choice reaction time measures.

This

correlational analysis was performed to determine whether
other attention measures correlated, in particular, with
subtest 3 of the U F O V ™ .

Correlations with Subtest 3 were

of great interest because it was the measure with the most
variability in the reliability study.
In order to test whether group differences existed for
the academic measures, diagnostic attention measures, and
auxiliary attention measures, a matched pairs MANOVA
(Pillais) was performed for each area of interest.

These

differences were tested for when the children screened for
ADHD characteristics met the minimal inclusion requirements
to be in the group displaying ADHD behaviors.

As mentioned

previously, this minimal requirement was to have received a
T-score of 65 on either the CPRS-39 or the CTRS-28.

This

minimal requirement will be referred to as selection
standard 1 in the following results and discussion.
Group differences for the two sets of children were
again tested for when the criteria to be classified as
displaying ADHD characteristics were made more stringent.

58

The second level of inclusion was to have received a T-score
of at least 65 on both the CPRS-39 and the CTRS-28.

This

level of inclusion is called selection standard 2.
The third level of inclusion (selection standard 3) was
(a) having received a T-score of 65 on both the parent and
teacher behavior rating scales, and (b) having received a
score of borderline or abnormal on the Gordon Delay and
Vigilance Overall Rating.
Lastly, the most stringent criteria to be included in
the group displaying ADHD characteristics were again to have
received a T-score of at least 65 on both the parent and
teacher behavior rating scales.

The subject also had to

receive a score of borderline or abnormal on the Gordon
Delay, Vigilance, and Distractibility Overall Rating.

This

level of inclusion will be called selection standard 4.
Correlational analysis: 7-year-olds.
For the seven year olds, U F O V ™ Subtest 3 did not
significantly correlate with any of the other attention
measures.

A significant relationship, r(14) = .72, p < .01,

was found between U F O V ™ Subtest 2 and the normality rating
for the Delay task 'Total Correct' score.

The U F O V ™

Composite was significantly correlated with the Delay task's
'Total Efficiency Ratio' normality rating,
r (14 ) = .66, p < .01, and the Delay task's
normality rating, r (14) = .73, p <.01.

'Total Correct'

The complete

correlation matrix can be located in Table 9 of Appendix D.
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Academic measures; 7-year-olds.
To determine whether there were any differences between
the group displaying ADHD characteristics and the control
group on the intelligence and achievement scores, a matched
pairs MANOVA (Pillais) was performed using the WISC-III IQ
estimate and the WIAT Screener composite standard score.
For the seven year olds meeting selection standards 1 and 2,
there was no significant difference between the two groups
on these measures.

The univariate tests also revealed

insignificant group differences for both the WISC-III
intelligence estimate and the WIAT Screener achievement
measure,

all Fs(l, 6) < 3.94, p <.09.

The means and

standard deviations for these measures are located in
Appendix D, Table 10.
Results were similar for selection standards 3 (N=6)
and 4 (N=5).

Even with this stricter requirement, the

MANOVA revealed an overall insignificant difference between
the group displaying ADHD characteristics and the control
group on the intelligence and achievement
Fs < 3.40, p <.15.

scores,

The univariate tests did not reveal a

significant difference between the two groups in
intelligence, Fs < 1.

There was a significant difference on

the achievement measure though with the normal children
obtaining higher scores than the children displaying ADHD
characteristics, Fs (1, 5) < 8.91, p <.04.
Because the achievement composite score is based on
three subtests, these subtest scores were also analyzed.
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The univariate tests for the achievement subtests revealed
the normal children performed significantly better at both
standards in reading, F(l, 5) = 8.72, p <.03.

For selection

standard 3 (N=6), the normal children performed
significantly better in math than did the children with ADHD
characteristics, F(l, 5) = 7.15, p <.04, but not in
spelling.
(N=5).

But the reverse was true for selection standard 4

There was a significant difference in spelling, F(l,

4) = 9.06, p <.04, but not in math.

Means and standard

deviations can be found in Appendix D, Tables 11 and 12.
Diagnostic attention measures: 7-year-olds.
The dependent measures used to test whether there was a
difference between the group with ADHD characteristics and
the normal group on the diagnostic attention measures were
(a) U F O V ™ Subtest 3, (b) Gordon Delay Total Efficiency
Ratio, (c) Gordon Vigilance Total Correct, and (d) Gordon
Distractibility Total Correct.
The results were identical for selection standards 1
through 3 with no difference between the groups using the
omnibus MANOVA F, all Fs <1.

There was also no difference

among any of the univariate tests, all Fs < 2.68, p < .16.
The means and standard deviations for these analyses can be
found in Appendix D, Tables 13 and 14.
A significant group difference was found when the
criterion for inclusion into the group with ADHD
characteristics was selection standard 4, and five children
qualified, F(4, 1) = 6377.02, p <.009.

The univariate tests
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revealed only one significant group difference with
Distractibility Total Correct, F(l, 4) = 41.18, p <.003.
This difference was due to the normal children pushing the
blue button at the appropriate time more than the children
with ADHD characteristics during the Distractibility Task.
Descriptives can be found in Appendix D, Table 15.
Auxiliary attention measures: 7 year olds.
The dependent measures used to test whether there was a
difference between the group with ADHD characteristics and
the normal group on the auxiliary attention measures were
(a) the Stroop measure of selective

attention/inhibition,

(b) the Incidental Learning central task score, (c) the
Incidental Learning incidental task score,

(d) simple

reaction time average, and (e) choice reaction time average.
The Stroop results were analyzed separately from the other
auxiliary dependent measures because one child was not able
to read and thus reduced the subject total for this group by
one.

Data were obtained from this child on the other

dependent measures.
For the Stroop analysis, there were no differences
between the group with ADHD characteristics and the normal
group, Fs < 1, regardless of selection standard.
Descriptives can be found in Appendix D, Tables 16, 17, and
18.

For the other auxiliary measures

(Incidental Learning

Recall, Incidental Learning Attention, Simple Reaction Time,
and Choice Reaction Time), again no difference was found
between the group with ADHD characteristics and the control
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group regardless of selection standard.

Descriptives can be

found in Appendix D, Tables 16, 17, and 18.
Correlational analysis; 8-year-olds.
For the eight year and older group, there was only one
significant correlation of the U F O V ™ subtests with the
other attention measures.

U F O V ™ Subtest 3 was

significantly correlated with the overall normality rating
for the GDS Vigilance Task, r (14) = .74, p < .01.

The

complete correlation matrix can be found in Appendix D,
Table 19.
Academic measures; 8-year-olds.
As with the younger group, a MANOVA was performed using
the WISC-III IQ estimate and the WIAT Screener composite
standard score.

Using the most lenient criteria

(selection

standard 1, N=7) there was a marginally significant
difference between the two groups on these measures, F(2, 5)
= 5.28, p <.06.

Although the multivariate test approached

significance, the univariate tests revealed significant
group differences for the WISC-III intelligence estimate,
F(1, 6) = 6.66, p <.04, and for the WIAT Screener
achievement measure, F(l, 6) = 12.12, p <.01. On both of
these tasks, the normal children obtained

significantly

higher scores than the children with ADHD characteristics.
Descriptives are located in Appendix D, Table 20.
When the criteria were adjusted upward

(selection

standards 2, 3, and 4) for inclusion in the group with ADHD
characteristics, there remained a significant difference for
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the WIAT Screener achievement measure with the normal
children receiving higher scores than the children with ADHD
characteristics, F(l, 5) = 10.44, £ <.02 (selection standard
2) and F(l, 4) = 7.92, p <.05 (selection standards 3 and 4).
However, the difference between the groups in intelligence
disappeared with increasing stringency for inclusion in the
group with ADHD characteristics, F(l, 5) = 4.69, p <.08
(selection standard 2), F(l, 4) = 5.53, p <.08

(selection

standard 3 and 4). Descriptives are located in Appendix D,
Tables 21 and 22.
Since the achievement difference persisted across
selection standards, the three subtests of achievement were
analyzed.

A consistent pattern emerged.

Regardless of

selection standard, normal children showed higher reading,
F(1, 6) = 29.33, p <.002 (selection standard 1), F(l, 5) =
23.62, p <.005 (selection standard 2), F(l, 4) = 21.84, p
<.009

(selection standards 3 and 4) and spelling scores,

F(1, 6) = 11.21, p <.02 (selection standard 1), F(l, 5) =
8.18, p <.04 (selection standard 2), F(l, 4) = 9.72, p <.04
(selection standards 3 and 4) than children with ADHD
characteristics.

There were no differences in math scores.

Descriptives are located in Appendix D, Tables 20, 21, and
22.
Diagnostic attention measures: 8-year-olds.
The dependent measures used to test whether there was a
difference between the group with ADHD characteristics and
the normal group on the diagnostic attention measures were
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(a) U F O V ™ Subtest 3, (b) Gordon Delay Total Efficiency
Ratio, (c) Gordon Vigilance Total Correct, and (d) Gordon
Distractibility Total Correct.
As selection standards increased, the overall
difference between the ADHD and control groups became more
apparent as reflected in the MANOVA:

F(4, 3) = 4.58, p <.12

(selection standard 1), F(4, 2) = 2.72, p <.29

(selection

standard 2), F(4, 1) = 4609.47, p <.01 (selection standards
3 and 4).

This overall difference is reflected in just two

of the univariate tests.

Gordon Vigilance Total Correct is

higher for control than children with ADHD characteristics,
regardless of criteria, F(l, 6) = 13.98, p <.01

(selection

standard 1), F(l, 5) = 9.42, p <.02 (selection standard 2),
F(1, 4) = 14.52, p <.02 (selection standards 3 and 4).

A

similar pattern holds for U F O V ™ Subtest 3 with normal
children scoring higher than children with ADHD
characteristics at each selection standard: F(l, 6) = 12.00,
p <.013 (selection standard 1), F(l, 5) = 8.57, p <.03
(selection standard 2), F(l, 4) = 42.25, p <.003
standards 3 and 4).

None of the other diagnostic

(selection
attention

measures revealed a difference between the group with ADHD
characteristics and the control group.

Means and standard

deviations can be found in Appendix D; Tables 23, 24, and
25.
Auxiliary attention measures: 8-year-olds.
For the Stroop, overall the normal group scored better
than the group with ADHD characteristics at each selection
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standard, although the difference was marginal at selection
standard 2: F(l, 6) = 7.37, p <.04 (selection standard 1,
N=7), F(1, 5) = 5.24, p <.07 (selection standard 2, N=6),
F(l, 4) = 7.48, p <.05 (selection standard 3 and selection
standard 4, N=5).

Descriptives can be found in Appendix D,

Table 26, 27, and 28.
The other auxiliary measures were Incidental Learning
Recall, Incidental Learning Attention, Simple Reaction Time,
and Choice Reaction Time.

The only differences among these

measures were at selection standards 3 and 4 on the Simple
and Choice Reaction Time measures with the children
displaying ADHD characteristics performing slower than the
normal children: Simple Reaction Time, F(l, 6) = .31, p <.60
(selection standard 1, N=7); Simple Reaction Time, F(l, 5) =
.18, p <.69 (selection standard 2, N=6), Simple Reaction
Time, F(l, 4) = 10.94, p <.03 (selection standard 3 and
selection standard 4, N=5); Choice Reaction Time,

F(l, 6) =

2.73, p <.15 (selection standard 1, N=7); Choice Reaction
Time, F(l, 5) = 2.24, p <.20 (selection standard 2, N=6),
Choice Reaction Time, F(l, 4) = 7.70, p <.05
standard 3 and selection standard 4, N=5).

(selection
Descriptives can

be found in Appendix D, Table 26, 27 and 28.
Discussion
In the first study of this thesis, the reliability of
the U F O V ™ Visual Attention Analyzer as a measure of visual
attention in children six to fifteen years of age was
determined.

From this study it was found that the U F O V ™
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was a test of moderate reliability with six and seven year
olds (Appendix D, Table 4).

With the eight to fifteen year

olds, the reliability coefficient suggested the U F O V ™ to be
a test of low-moderate reliability

(Appendix D, Table 6).

This reliability coefficient was the result of truncated
scores.

By looking at the difference between the pre and

post U F O V ™ scores (Appendix D, Table 8), one can see that
the small difference in the scores shows the U F O V ™ to be
more reliable with the eight to fifteen year olds than the
reliability coefficient would lead one to believe.
Since the younger children (six and seven year olds)
were more variable in their performance than the older
children (eight to fifteen year olds), the children were
divided into two groups.

The results of the analyses

confirmed the researchers belief.

Based upon these

findings, the children in the second study were again
divided into two groups.

Thus, the results of this second

study were reported for the younger children (seven year
olds) and then for the older children (eight to twelve year
olds).
These results for the two groups were also reported in
terms of four different, increasingly stringent, criteria to
be classified as displaying ADHD characteristics.

These

were called selection standards 1 through 4.
Since the screening criteria to be included in the
study were minimal (selection standard 1), and more
information was available to help classify these children,
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this information was structured into more stringent
selection criteria.

These selection standards were formed

to categorize subjectively defined children with ADHD
characteristics and those children who were subjectively and
objectively defined.

With the more stringent criteria to be

categorized as displaying ADHD behaviors, confidence was
gained that these children do display ADHD characteristics.
For the seven year olds, no measure was found to differ
between the group with ADHD characteristics and the normal
group for selection standard 1 and selection standard 2.
The only difference at selection standard 3 was on
achievement, which was due to reading and math differences.
For selection standard 4, an achievement difference was
again found but this time due to reading and spelling
differences.

These differences in scores could, in part, be

due to some of these children's behavior not being conducive
to measuring their actual achievement.

But according to the

WIAT manual (1992), children in their ADHD standardization
sample received their lowest mean scores for Basic Reading,
Spelling, and Numerical Operations.
There was only one difference found on the attention
tasks.

This difference, found for selection standard 4, was

GDS Distractibility Total Correct.

Although the control

group consistently performed better on the attention tasks
than the group displaying ADHD characteristics, the
differences were small and with such a small number of
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subjects and the variability in their performance,
differences were undetectable.
For selection standard 4, GDS Distractibility Total
Correct, there was a large difference in average performance
and decreased variability.

According to the Instruction

Manual for the Gordon Diagnostic System (1991), the
Distractibility Task, along with the Vigilance Task, is a
measure of the ability to delay responses while sustaining
attention.

The Distractibility task is more complex with

numbers flashing in the other columns of the digital
display, while trying to attend only to the middle column's
flashing numbers.
As a measure of delay and sustained attention, it is
not difficult to understand why the children differed on
this task since these areas are defined as problem areas for
children with ADHD characteristics.

Because this task is

more complex and demanding, it is thought that differences
were able to be found with a small number of subjects that
were not able to be found with the other attention tasks.
For the eight to twelve year olds, it was only with
selection standard 1 that a difference in intelligence was
found, with the control subjects obtaining on the average,
higher IQ estimates.

At selection standard 2, only one

subject was dropped from the sample with ADHD
characteristics.

With this person and his/her match no

longer in the analysis, the difference wasn't found.
these two children dropped from the analysis the means

With
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stayed practically the same but variability increased about
the mean.

Thus as the ADHD criteria became more selective,

and greater variation was found in the scores, the
difference in intelligence was no longer found.
A difference in achievement due to reading and
spelling differences was found for each selection standard,
with selection standard 4 containing the same subjects as
selection standard 3 and thus the same results.
these two criteria will be treated together.

Henceforth

It was found

that the control subjects scored significantly better on the
reading and spelling subtests.

Again, these are the areas,

along with Numerical Operations, that the sample of ADHD
children who were used in the standardization of the WIAT
Screener had problems with.

The authors of the WIAT

Screener propose these areas are problematic for the
children as they require the most concentration and
attention to detail of the WIAT subtests.
For the auxiliary measures, there was a significant
difference in the Stroop measure for each selection
standard. This difference shows that the control subjects
were better at ignoring the color that the color-words were
printed in and reading the printed color-word.

This finding

supports the idea of Rosenthal and Allen (1980) and Radosh
and Gittelman

(1981) that children with ADHD characteristics

are distracted by irrelevant information more than normal
children.
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The other measures to show a difference in the two
groups performance were both simple and choice reaction time
at selection standard 3/4.

For these tasks, the control

subjects were significantly faster at hitting the response
button when the reaction light came on.

As would be

expected, response times were longer for choice reaction
time.

This finding of slower reaction times in the group

with ADHD characteristics supports the theories that ADHD
children are slower information processors than normal
children.
For the diagnostic attention measures, despite earlier
predictions

(p. 24), there was not a difference between the

children with ADHD characteristics and normal children on
U F O V ™ Subtest 2 due to lack of variability.

There was a

difference in U F O V ™ Subtest 3 (as predicted) and GDS
Vigilance Total Correct for each selection standard.

As

expected, the control group performed significantly better
on both tasks.

Because the GDS tasks were being used to

define selection standard 3 and selection standard 4, it is
not surprising to find a difference in the two groups
performance on this sustained attention task, which is one
of the areas defined as lacking in the ADHD population.
As far as the difference in U F O V ™ Subtest 3 scores, we
must consider the basis on which the scores are given.
Scores are given based upon the speed at which the subject
is first able to do the task.

The presentation rates are

40, 80, 120, 160, 200, and 240 msecs.

Taking this into
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consideration, the average speed at which each group was
first able to do U F O V ™ Subtest 3 was calculated.

It was

found that the average speed that the group with ADHD
characteristics was first able to do Subtest 3 was 144
msecs, with a standard deviation of 45.61 msecs.

For the

control group, the average speed was 56 msecs, with a
standard deviation of 35.78 msecs.

This speed related

difference in U F O V ™ performance is consistent with the
simple and choice reaction time differences found in this
group of eight to twelve year olds. Along with that, it also
flows with the idea presented by Denton and Mclntyre
and van der Meere and Sergeant

(1978)

(1988) of the possibility of

ADHD children being slower information processors when
complexity of the visual tasks increases.

This finding also

agrees with Rosenthal and Allen (1980) and Radosh and
Gittelman

(1981) that children with ADHD characteristics are

distracted by irrelevant information more than normal
children.
Since the main purpose of this study was to investigate
whether visual attention differences exist between children
with ADHD characteristics and normal children as measured by
the U F O V ™ , we can conclude there is a difference on the
Distractibility/Selective Attention task.

One must keep in

mind that the previous and the following interpretations are
made on the assumption that the U F O V ™ Visual Attention
Analyzer is a reliable measure of visual attention for
children with ADHD characteristics.

This assumption is
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being made as only one child classified as displaying ADHD
characteristics participated in the reliability study.
Other limitations to this study include sample size and
sample make-up.

As stated earlier, basically no significant

correlations between the U F O V ™ subtests and other attention
measures were found, although there were some moderate level
correlations.

With a larger sample and possibly more

variability in scores, it is possible that significant
correlations would have resulted.

Increasing the sample

size could also uncover differences in the other tests
administered.

As the testing procedures were carried out in

two sessions in random order, it is not thought that the
time spent testing was a factor in the finding of
nonsignificant differences between the various attention
measures.
Also, because sample size is so small, it is not likely
that the sample is representative of the children with ADHD
characteristics population and that the results are
generalizable.

Based on the definition for the ADHD sample,

it is likely that since only two children (in the 7 year old
group) were diagnosed as having ADHD characteristics that
the children who were brought in for the ADHD screening were
children with mild to moderate characteristics of ADHD.
This is felt particularly for the older group since it is
likely that if cases were severe, professional help would
have been sought earlier.
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But at the same time, if the 8 to 12 year old group of
children is composed of children with mild to moderate ADHD
characteristics, the significant difference found between
the control and ADHD sample on U F O V ™ is robust, with the
difference still being found with 5 subjects in each group
at selection standard 3/4.

It is expected that with a more

diverse group of children with ADHD characteristics,
especially those already diagnosed, greater variability in
their U F O V ™ scores would be found.

Finding this

significant difference at U F O V ™ Subtest 3 with such a small
group of subjects leads to predicting differences with an
even larger, more diverse ADHD group.
Another area of concern exists with using the Gordon
Diagnostic System to further define the children with ADHD
characteristics.

Although the Gordon Diagnostic System is

not a measure that has extensively

substantiated

psychometric properties in terms of its validity as a
measure of inattention and as a diagnostic tool, it should
be noted that U F O V ™ Subtest 3 and Gordon Vigilance Total
Correct differences existed before the Gordon Diagnostic
System ratings were used to make the criteria more stringent
to be included in the group with ADHD characteristics.
Consequently, although the Gordon Diagnostic System may not
be the best measure to help identify children with ADHD
characteristics, at the present time a "best" measure
doesn't exist.

Since the difference between the groups on

U F O V ™ Subtest 3 still existed when the Gordon Diagnostic
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System was used to add objectivity to the definition of the
ADHD sample, the next step may be investigating whether the
U F O V ™ can classify children better than the Gordon
Diagnostic System.
Given that there is a difference in U F O V ™ Subtest 3
performance, the next question of interest is how well the
U F O V ™ classified the children into their respective groups.
Only the most stringent criteria to be classified as
displaying ADHD characteristics

(selection standard 3/4)

were used for this analysis as this was the criteria at
which both subjective and objective information

indicated

ADHD characteristics were present.
Because this classification was done for exploratory
purposes, the cutoff score that maximized the difference
between the groups was selected.

Since the mean for this

control group was 2.5 and the standard deviation was 5.59, a
score of 10.89 was 1.5 standard deviations from the mean.
Because this score is between actual scores of 7.5 and 12.5,
7.5 was chosen as the cutoff score.

To be classified as

NORMAL by the U F O V ™ , the subject had to receive a score of
7.5 or below.

To be classified as displaying ADHD

characteristics, the subject had to receive a score greater
than 7.5.
Using these standards for classification, 4 out of the
5 children with ADHD characteristics were classified as
displaying ADHD characteristics.

One child with ADHD

characteristics was classified as normal.

The control group
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followed suit in that 4 out of the 5 normal children were
classified as normal.

One normal child was classified as

displaying ADHD characteristics.

Overall, using these

criteria, 8 out of 10 children were correctly classified.
Based on these findings, the U F O V ™ Visual Attention
Analyzer holds promise in further defining the deficits
characteristic of children displaying ADHD behaviors in
terms of the children being slower information processors
and being more distracted by irrelevant

information.

Besides aiding in the understanding of ADHD, the U F O V ™
Visual Attention Analyzer may one day serve as an objective
measure to discriminate between children with ADHD
characteristics and normal children.

But before all this

can occur, another study must be done to confirm the U F O V ™
Visual Attention Analyzer as a reliable measure of visual
attention in children with ADHD characteristics.

If the

results of this study are positive and the U F O V ™ is
reliable with children with ADHD characteristics, the next
step would be to design a study similar to this one, except
on a much larger scale.
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Appendix A
DSM-III-R Diagnostic Criteria for ADHD
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Diagnostic Criteria for Attention-deficit
Disorder

Hyperactivity

Note: Consider a criterion met only if the behavior is
considerably more frequent than that of most people of the
same mental age.
A. A disturbance of at least six months during which at
least eight of the following are present:
(1) often fidgets with hands or feet or squirms in
seat (in adolescents, may be limited to
subjective feelings of restlessness)
(2) has difficulty remaining seated when required to
do so
(3) is easily distracted by extraneous stimuli
(4) has difficulty awaiting turn in games or group
situations
(5) often blurts out answers to questions before
they have been completed
(6) has difficulty following through on instructions
from others (not due to oppositional behavior or
failure of comprehension), e.g., fails to finish
chores
(7) has difficulty sustaining attention in tasks or
play activities
(8) often shifts from one uncompleted activity to
another
(9) has difficulty playing quietly
(10) often talks excessively
(11) often interrupts or intrudes on others, e.g.,
butts into other children's games
(12) often does not seem to listen to what is being
said to him or her
(13) often loses things necessary for tasks or
activities at school or at home (e.g., toys,
pencils, books, assignments)
(14) often engages in physically dangerous activities
without considering possible consequences (not
for the purpose of thrill-seeking), e.g., runs
into street without looking
Note: The above items are listed in descending order
of discriminating power based on data from a national
field trial of the DSM-III-R criteria for Disruptive
Behavior Disorders.
B. Onset before the age of seven.
C. Does not meet the criteria for a Pervasive
Developmental Disorder.
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Criteria for severity of Attention-deficit Hyperactivity
Disorder:
Mild: Few, if any, symptoms in excess of those required to
make the diagnosis and only minimal or no impairment in
school and social functioning.
Moderate: Symptoms or functional impairment intermediate
between "mild" and "severe."
Severe: Many symptoms in excess of those required to make
the diagnosis and significant and pervasive impairment in
functioning at home and school and with peers.
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Appendix B
Informed Consent Sheets
A) Reliability Study
B) Attention Study
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Western Kentucky University
Visual Attention in Children
Reliability Study
Participant Consent Form
I,
, voluntarily
consent to allow my child,
, to
participate in a research study at Western Kentucky
University. The nature and purpose of the study have been
explained to me and my child.
I understand that the purpose
of the research is to study the processing of visual
information in children.
I understand that my child will be
asked to view a video monitor and indicate when s/he sees
certain patterns on the screen.
I understand that this
procedure involves no risk to the participant and s/he can
take rest periods when needed.
I also know that s/he can
ask questions at any time.
I understand all results will be treated as
confidential information.
I understand that my child's
scores on this task will be available to me and my child and
only other individuals associated with this study in a
supervisory capacity.
I also understand that my child's
scores will be combined with other participants' scores to
obtain group scores.
If requested, information on group
performance will be available to me in a written report of
the of the results of this research.
I understand that I
may withdraw my child's scores at any time.
After a total of two sessions, my child will be
compensated for his/her participation in the amount of
$5.00.
I understand that my child's participation is
voluntary, and that my child may refuse to participate or
discontinue participation at any time.
If my child
discontinues participation, s/he will be compensated for the
number of sessions in which s/he participated prior to
completion of the study.
I understand that Western Kentucky University has filed
an Assurance of Compliance with the HHS Regulation for the
Protection of Human Subjects with the Department of Health
and Human Services which will be made available to me upon
request.
I understand that if I have any questions
concerning my child's rights as a research participant I may
contact the chair of the University committee for the
protection of human research participants, Dr. Jay Sloan,
(502) 745-4981.
I understand that I am to contact Dr.
Karlene Ball, Research Director of this project at (502)
745-2094 for answers to pertinent questions about the
research.
Signature:
Date:
Witness:
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Western Kentucky University
Visual Attention and ADHD
Participant Consent Form
I,
, voluntarily consent to
allow my child,
, to participate
in a research study conducted at Western Kentucky
University. The nature and purpose of the study have been
explained to me and my child.
I understand that the purpose
of the research is to study the effects of Attention-deficit
Hyperactivity Disorder (ADHD) on the processing of visual
information.
I understand that my child will be asked to
view a video monitor and indicate when s/he sees certain
patterns on the screen.
I understand this procedure
involves no risk to the participant and s/he can take rest
periods when needed.
I also know that s/he can ask
questions at any time.
I understand all results will be treated as
confidential information.
I understand that my child's
scores on the tasks in this study will be available to me
and my child and only other individuals associated with the
study in a supervisory capacity.
I also understand that my
child's scores will be combined with other participants
scores to obtain group scores.
If requested, information on
group performance will be available to me in written reports
of the results of this research.
I understand that I may
withdraw my child's scores at any time.
I understand that my child's participation is
voluntary, and that my child may refuse to participate or
discontinue participating at any time.
I understand that by participating in this study, my
child has not been diagnosed as ADHD.
Inclusion in the
study has been based on either the parent behavior rating,
the teacher behavior rating, or both which infer that my
child does or does not display behaviors characteristic of
ADHD.
If my child fits the criterion for inclusion in the
group that displays behaviors characteristic of ADHD, I will
be provided with a list of professionals who can provide
guidance in further assessment of my child.
I understand that Western Kentucky University has filed
an Assurance of Compliance with HHS Regulations for the
Protection of Human Subjects with the Department of Health
and Human Services which will be made available to me upon
request.
I understand that if I have any questions
concerning my child's rights as a research participant I may
contact the chair of the University committee for the
protection of human research participants, Dr. Jay Sloan,
(502)745-4981.
I understand I am to contact Dr. Karlene
Ball, Research Director of this project at (502)745-2094 for
answers to pertinent questions about the research.
Signature:
Date:
Witness:
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Appendix C
Subject Information Sheets
A) Reliability Study
B) Attention Study
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Subject Intake Information:

Reliability Study

Subject #
SSN #

.Date Of Birth

Gender

.(l)Male
(2)Female

Race

(1)African American
(2)American Indian
(3)Asian
.(4) Caucasian
.(5) Hispanic
(6)Other

Subj ect's
First Name
Parent's
First Name

(mn/dd/yr).

Last Name
Last Name

Street
City

Zip

State

Home Phone

Other Phone

Best Time To Be Reached

Check-Off If Complete
Consent Form

Acuity

Subject Intake Form

Contrast

UFOV

Payment Form

Sensitivity
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Subject#
Subject Intake Information:
SSN #

Attention Study

Date Of Birth (mn/dd/yr)

Gender

(1) Male
(2)Female

Race

(l)African American
(2)American Indian
(3)Asian
(4)Caucasian
(5)Hispanic
(6)Other

Subject's
First Name

Last Name_

Parent's
First Name

Last Name

Street
City
Home Phone

State

Zip_
Other Phone

Best Time To Be Reached
1) Does your child have a history of any of the following?
Place a check by those that apply.
head injury
seizure/neurological disorder
severe developmental delay
psychiatric disturbance
Please list any other medical conditions that you feel
are pertinent to this research.
2) Is your child currently on medication prescribed for
Attention-Deficit Hyperactivity Disorder?
YES
NO
Stimulants include: Ritalin/generic form is
methylphenidate, Cylert/pemoline,
Dexedrine/d-amphetamine, deanol, caffeine.
Tricyclic antidepressants include: Tofranil/imipramine,
Norpramin/desipramine.
Other medications: neuroleptics, tranquilizers, MAOIs,
clonidine
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Appendix D
Descriptive Tables
A) Reliability Study
Tables 1-8
B) Attention Study
Tables 9-28

Table 12
Descriptive Table for Whole Group: UFOV Test and Retest

Mean

Standard Deviation

Minimum

Maximum

N

Subtest 1
Test

.22

1.03

.0

5.0

92

Retest

.11

.73

.0

5.0

92

Test

1.20

3.95

.0

30.0

92

Retest

.33

1.24

.0

5.0

92

Test

8.94

7.93

.0

30.0

92

Retest

4.29

6.78

.0

25.0

92

Test

10.35

11.09

.0

60.0

92

Retest

4.73

7.89

.0

32.5

92

Subtest 2

Subtest 3

Composite

CO

Table 2
Reliability Coefficients for Whole Group; UFOV Test and Retest

Correlations:

Subtest 1 Test

Subtest 1 Retest
Subtest 2 Retest

Subtest 2 Test

Subtest 3 Test

-.0318
.5923**

Subtest 3 Retest

.6770**

Composite Retest

N of cases:

92

Composite Test

.7127**

1-tailed significance:

** - .001

Table

12

Descriptive Table for Six and Seven Year Olds

Mean

Standard Deviation

UFOV Test and Retest

Minimum

Maximum

N

Subtest 1
Test

.95

2.01

.0

5.0

21

Retest

.48

1.50

.0

5.0

21

Test

4.05

7.18

.0

30.0

21

Retest

1.43

2.31

.0

5.0

21

Test

17.14

8.30

.0

30.0

21

Retest

11.19

9.17

.0

25.0

21

Test

22.14

14.80

.0

60.0

21

Retest

13.10

11.32

.0

32.5

21

Subtest 2

Subtest 3

Composite

CO
CD

Table

12

Reliability Coefficients for Six and Seven Year Olds; UFOV Test and Retest

Correlations:

Subtest 1 Test

Subtest 1 Retest
Subtest 2 Retest

Subtest 2 Test

Subtes—

3 Test

-.1574
.5373*

Subtest 3 Retest

.6953**

Composite Retest

N of cases:

21

Composite Test

.6415**

1-tailed significance:

* - .01

** -

.001

as
vc

Table

12

Descriptive Table for Eight through Fifteen Year Olds: UFOV Test and Retest

Mean

Standard Deviation

Minimum

Maximum

N

Subtest 1
Test

.00

.00

.0

.0

71

Retest

.00

.00

.0

.0

71

Test

.35

1.54

.0

10.0

71

Retest

.00

.00

.0

.0

71

Test

6.51

6.00

.0

22.5

71

Retest

2.25

4.14

.0

17.5

71

Test

6.87

6.58

.0

27.5

71

Retest

2.25

4.14

.0

17.5

71

Subtest 2

Subtest 3

Composite

vo
o

Table

12

Reliability Coefficients for Eight through Fifteen Year Olds; UFOV Test and Retest

Correlations:

Subtest 1 Test

Subtest 2 Test

Subtest 3 Test

Composite Test

Subtest 1 Retest
Subtest 2 Retest
Subtest 3 Retest

.4104**

Composite Retest

N of cases:

71

.4426**

1-tailed significance:

** - .001

" . " is printed if a coefficient cannot be computed

Table

12

Test-Retest Difference Scores; Six and Seven Year Olds

Difference

Frequency

Valid Percent

Cumulative Percent

10.00

2

9.5

9.5

-7.50

1

4.8

14.3

.00

2

9.5

23.8

5.00

4

19.0

42.9

7.50

1

4.8

47.6

10.00

2

9.5

57.1

12.50

4

19.0

76.2

17.50

1

4.8

81.0

20.00

1

4.8

85.7

22.50

2

9.5

95.2

37.50

1

4.8

100.0

vo
ro

Table 8
Test-Retest Difference Scores; Eight through Fifteen Year Olds

Difference

Frequency

Valid Percent

Cumulative Percent

-7.50

3

4.2

4.2

.00

30

42.3

46.5

5.00

5

7.0

53.5

7.50

21

29.6

83.1

10.00

2

2.8

85.9

12.50

7

9.9

95.8

15.00

1

1.4

97.2

17.50

1

1.4

98.6

27.50

1

1.4

100.0

w

Table

12

UFOV Correlational Matrix: 7-year-olds

UFOV
Subtest 1

UFOV
Subtest 2

UFOV
Subtest 3

UFOV
Composite

Delay Total ER

.34

.33

.38

.42

Delay Total ER Rating

.20

. 60

.61

.66*

Delay ER Block Variability

.26

-.27

-.20

-.29

Delay ER Block Variability Rating

.25

.54

.36

.44

Delay Slope Score

.07

-.21

-.12

Delay Slope Score Rating

.28

.53

.32

.42

Delay Total Responses

.32

-.61

-.54

-.65

Delay Total Responses Rating

.34

.43

.23

.41

Delay Total Correct

.20

-.61

-.47

-.60

Delay Total Correct Rating

.32

.72*

.57

.73*

Delay Overall Rating

.13

.57

.46

.53

Vigilance Total Commissions

.41

-.04

-.25

-.08

- . 19

Table 9 (cont.)
UFOV Correlational Matrix: 7-year-olds

UFOV
Subtest 1

UFOV
Subtest 2

UFOV
Subtest

UFOV
Composite

Vigilance Total Commissions Rating

.20

-.17

-.27

-.20

Vigilance Commissions Block Variability

.43

-.16

-.31

-.17

Vigilance Commissions Block
Variability Rating

.37

-.05

-.24

-.09

Vigilance Total Correct

.13

-.44

-.25

.35

-.11

.08

.03

.04

.28

-.15

-.22

-.15

Distractibility Total Commissions

-.21

-.25

-.20

-.27

Distractibility Total Commissions Rating

-.17

-.35

-.36

-.39

Distractibility Commissions Block
Variability

-.20

-.21

-.18

-.23

Distractibility Commissions Block
Variability Rating

-.23

-.42

-.56

-.54

Distractibility Total Correct

-.20

.04

-.05

-.03

.19

-.05

.06

.03

Vigilance Total Correct Rating
Vigilance Overall Rating

Distractibility Total Correct Rating

Table 9 (cont.)
UFOV Correlational Matrix; 7-year-olds

UFOV
Subtest 1

UFOV
Subtest 2

UFOV
Subtest 3

UFOV
Composite

Distractibility Overall Rating

.04

-.35

-.32

-.35

Gordon Delay and Vigilance Overall Rating

.18

.05

.02

.06

Gordon Delay, Vigilance, and Distractibility
Overall Rating

.13

-.20

-.17

-.18

-.01

.02

.35

.23

.13

-.46

-.09

-.29

Incidental Learning Attention

-.02

-.45

-.37

-.44

Simple Reaction Time

-.09

.49

.41

.46

Choice Reaction Time

.02

.64

.58

.65

Stroop
Incidental Learning Recall

*P<.01, two-tailed.
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Table 12
Academic Descriptives for Selection Standard 1 and Selection Standard 2: 7-year-olds

Mean

Standard Deviation

N

ADHD

103.43

11.52

7

Control

102.43

18.01

7

98.43

11.90

7

112.14

19.04

7

WISC-III IQ

WIAT Achievement
ADHD
Control

Table 11
Academic Descriptives for Selection Standard 3

Mean

7-year-olds

Standard Deviation

N

12.07

6

17.35

6

12.98

6

16.22

6

14.65

6

16.78

6

5.28

6

6.62

6

11.51

6

20.70

6

WISC-III IQ
ADHD

102.17

Control

105.67

WIAT Achievement
ADHD
Control

98.83
116.67

WIAT Reading
ADHD
Control

97.17
118.67

WIAT Math
ADHD

106.50

Control

112.33

WIAT Spelling

vo
CO

ADHD
Control

94.17
112.00

Table 12
Academic Descriptives for Selection Standard 4

Mean

7-year-olds

Standard Deviation

N

8.49

5

17.66

5

13.69

5

12.10

5

15.75

5

13.01

5

5.08

5

6.22

5

12.26

5

15.11

5

WISC-III IQ
ADHD

106.00

Control

108.60

WIAT Achievement
ADHD

100.60

Control

121.60

WIAT Reading
ADHD
Control

98.80
123.60

WIAT Math
ADHD

107.60

Control

113.80

WIAT Spelling
ADHD

95.60
VO

Control

118.40

Table 12
Diagnostic Descriptives for Selection Standard 1 and Selection Standard 2: 7-year-olds

Mean

Standard Deviation

N

17.86

6.52

7

16.07

5.56

7

.77

.20

7

.82

.20

7

37.71

4.15

7

40.00

2.77

7

Control

25.86

8.95

7

GDS Distractibility Total ADHD
Correct
Control

32.29

7.80

7

UFOV Subtest 3
ADHD
Control
GDS Delay Total Efficiency Ratio
ADHD
Control
GDS Vigilance Total Correct
ADHD

Note.

GDS = Gordon Diagnostic System.

Table 12
Diagnostic Descriptives for Selection Standard 3: 7-year-olds

Mean

Standard Deviation

N

6.66

6

4.47

6

.21

6

.21

6

4.41

6

2.67

6

UFOV Subtest 3
ADHD

18.75

Control

17.50

GDS Delay Total Efficiency Ratio
ADHD

.75

Control

.83

GDS Vigilance Total Correct
ADHD

37.33

Control

40.50

7.04

6

GDS Distractibility Total ADHD
Correct
Control

23.50
32.00

8.51

6

Note.

GDS = Gordon Diagnostic System.

Table 12
Diagnostic Descriptives for Selection Standard 4: 7-year-olds

Mean

Standard Deviation

N

4.18

5

4.18

5

.19

5

.21

5

4.58

5

2.97

5

UFOV Subtest 3
ADHD

16.50

Control

16.50

GDS Delay Total Efficiency Ratio
ADHD

.70

Control

.80

GDS Vigilance Total Correct
ADHD

38.00

Control

40.40

5.37

5

GDS Distractibility Total ADHD
Correct

21.40

5.63

5

Control

34.80

Note.

GDS = Gordon Diagnostic System.
o
to

Table 12
Auxiliary Descriptives for Selection Standard 1 and Selection Standard 2: 7-year-olds

Mean

Standard Deviation

N

Stroop (in seconds)
30.83

33.46

6

16.51

9.36

6

Incidental Learning Recall

1.57

1.27

7

ADHD

2.57

1.51

7

3.00

1.73

7

4.14

1.35

7

.88

.22

7

.80

.07

7

1.08

.38

7

.91

.14

7

ADHD
Control

Control
Incidental Learning Attention
ADHD
Control
Simple Reaction Time (in seconds)
ADHD
Control
Choice Reaction Time (in
seconds)
ADHD
Control

Table 12
Auxiliary Descriptives for Selection Standard 3: 7-year-olds

Mean

Standard Deviation

N

33.28

36.81

5

16.99

10.39

5

Incidental Learning Recall

1.33

1.21

6

ADHD

2.33

1.51

6

3.17

1.84

6

4.33

1.37

6

.92

.21

6

.78

.06

6

1.16

.36

6

.91

.15

6

Stroop (in seconds)
ADHD
Control

Control
Incidental Learning Attention
ADHD
Control
Simple Reaction Time (in
ADHD
Control
Choice Reaction Time (in
ADHD
Control

Table 12
Auxiliary Descriptives for Selection Standard 4: 7-year-olds

Mean

Standard Deviation

N

33.28

36.81

5

16.99

10.39

5

Incidental Learning Recall

1.60

1.14

5

ADHD

2.00

1.41

5

3.60

1.67

5

4.40

1.52

5

.90

.22

5

.76

.05

5

1.08

.35

5

.85

.07

5

Stroop (in seconds)
ADHD
Control

Control
Incidental Learning Attention
ADHD
Control
Simple Reaction Time (in seconds)
ADHD
Control
Choice Reaction Time (in
seconds)
ADHD
Control

Table 12
UFOV Correlational Matrix: 8 to 12-year-olds

UFOV
Subtest 1

UFOV
Subtest 2

UFOV
UFOV
Subtest 3 Composite

Delay Total ER

11

.11

Delay Total ER Rating

27

-.27

Delay ER Block Variability

00

.00

Delay ER Block Variability Rating

20

-.20

Delay Slope Score

11

-.11

Delay Slope Score Rating

08

.08

Delay Total Responses

37

-.37

Delay Total Responses Rating

00

.00

Delay Total Correct

25

-.25

Delay Total Correct Rating

08

.08

Delay Overall Rating

15

-.15

Vigilance Total Commissions

56

.56
i—>
o
£T>

Table 19 (cont.)
UFOV Correlational Matrix: 8 to 12-year-olds

UFOV
Subtest 3

UFOV
Composite

Vigilance Total Commissions Rating

.62

.62

Vigilance Commissions Block Variability

.38

.38

Vigilance Commissions Block
Variability Rating

.46

.46

-.27

-.27

Vigilance Total Correct Rating

.23

.23

Vigilance Overall Rating

.74*

.74*

Distractibility Total Commissions

.21

.21

Distractibility Total Commissions Rating

.39

.39

Distractibility Commissions Block
Variability

-.20

-.20

Distractibility Commissions Block
Variability Rating

.06

.06

-.31

-.31

.08

.08

UFOV
Subtest 1

Vigilance Total Correct

Distractibility Total Correct
Distractibility Total Correct Rating

UFOV
Subtest 2

Table 19 (cont.)
UFOV Correlational Matrix: 8 to 12-year-olds

UFOV
Subtest 1

UFOV
Subtest 3

UFOV
Composite

Distractibility Overall Rating

.51

.51

Gordon Delay and Vigilance Overall Rating

.45

.45

Gordon Delay, Vigilance, and Distractibility
Overall Rating

.40

.40

Stroop

.55

.55

-.11

-.11

Incidental Learning Recall

UFOV
Subtest 2

Incidental Learning Attention

.08

.08

Simple Reaction Time

.46

.46

Choice Reaction Time

.52

.52

" . " is printed if a coefficient cannot be computed
*p<.01, two-tailed.

Table 12
Academic Descriptives for Selection Standard 1

Mean

8 to 12-year-olds

Standard Deviation

WISC-III IQ

10.82
ADHD

98.00
8.98

Control

112.29

WIAT Achievement
ADHD
Control

8.89
98.43

4.61

113.57

8.26
WIAT Reading
5.73
ADHD

102.14

Control

115.14

WIAT Math

6.26
10.20

ADHD

98.71
10.29

Control

108.43

8.11
WIAT Spelling
ADHD
Control

93.71
112.86

Table 12
Academic Descriptives for Selection Standard 2; 8 to 12-year-olds

Mean

Standard Deviation

N

98.67

11.69

6

112.83

9.70

6

97.50

9.35

6

113.67

5.05

6

101.67

8.94

6

115.17

6.27

6

98.50

6.83

6

110.17

9.97

6

92.17

10.34

6

111.50

7.97

6

WISC-III IQ
ADHD
Control
WIAT Achievement
ADHD
Control
WIAT Reading
ADHD
Control
WIAT Math
ADHD
Control
WIAT Spelling
ADHD
Control

Table 12
Academic Descriptives for Selection Standard 3 and Selection Standard 4; 8 to 12-year-olds

Mean

Standard Deviation

N

98.40

13.05

5

115.40

8.26

5

98.00

10.37

5

115.00

4.30

5

102.60

9.66

5

117.20

4.27

5

99.80

6.76

5

109.80

11.10

5

90.80

10.94

5

113.40

7.23

5

WISC-III IQ
ADHD
Control
WIAT Achievement
ADHD
Control
WIAT Reading
ADHD
Control
WIAT Math
ADHD
Control
WIAT Spelling
ADHD
Control

Table 12
Diagnostic Descriptives for Selection Standard 1: 8 to 12-year-olds

Mean

Standard Deviation

UFOV Subtest 3
ADHD
Control

14.64
4.64

GDS Delay Total Efficiency Ratio

5.67
6.03
.10

ADHD

.80

Control

.75

.19
1.89

GDS Vigilance Total Correct

1.80

ADHD

41.29

Control

43.71

2.71

GDS Distractibility Total ADHD
Correct

32.00

9.29

Control

37.43

Note.

GDS = Gordon Diagnostic System.

Table 12
Diagnostic Descriptives for Selection Standard 2; 8 to 12-year-olds

Mean

Standard Deviation

N

6.06

6

6.46

6

.11

6

.20

6

2.04

6

1.87

6

UFOV Subtest 3
ADHD
Control

14.17
4.17

GDS Delay Total Efficiency Ratio
ADHD

.80

Control

.77

GDS Vigilance Total Correct
ADHD

41.17

Control

43.50

2.93

6

GDS Distractibility Total ADHD
Correct
Control

31.83
37.50

10.17

6

Note.

GDS = Gordon Diagnostic System.

u

Table 12
Diagnostic Descriptives for Selection Standard 3 & Selection Standard 4: 8 to 12-vear-olds

Mean

Standard Deviation

N

15.50

5.70

5

2.50

5.59

5

.78

.12

5

.75

.22

5

40.40

.89

5

43.20

1.92

5

31.20

2.78

5

38.60

10.97

5

UFOV Subtest 3
ADHD
Control
GDS Delay Total Efficiency Ratio
ADHD
Control
GDS Vigilance Total Correct
ADHD
Control
GDS Distractibility Total ADHD
Correct
Control
Note.

GDS = Gordon Diagnostic System.

Table 12
Auxiliary Descriptives for Selection Standard 1: 8 to 12-year-olds

Mean

Standard Deviation

Stroop (in seconds)
7.42
ADHD

13.26
3.72

Control

5.18

Incidental Learning Recall

.98

ADHD

3.43

Control

3.57

.98
1.50

Incidental Learning Attention
2.51
ADHD

4.71

Control

3.57

Simple Reaction Time (in seconds)

.16
.07

ADHD

.65

Control

.62

.16
.07
Choice Reaction Time (in
seconds)
ADHD
Control

.76
.67

Table 12
Auxiliary Descriptives for Selection Standard 2; 8 to 12-year-olds

Mean

Standard Deviation

N

13.25

8.13

6

5.19

4.08

6

Incidental Learning Recall

3.33

1.03

6

ADHD

3.50

1.05

6

4.50

1.52

6

3.50

2.74

6

.65

.18

6

.62

.08

6

.77

.17

6

.67

.08

6

Stroop (in seconds)
ADHD
Control

Control
Incidental Learning Attention
ADHD
Control
Simple Reaction Time (in seconds)
ADHD
Control
Choice Reaction Time (in
seconds)
ADHD
Control

Table 12
Auxiliary Descriptives for Selection Standard 3 &

Mean

Standard Deviation

Stroop (in seconds)
6.17
ADHD

15.69
4.31

Control

5.7 3

Incidental Learning Recall

.71

ADHD

3.00

Control

3.20

.84
1.48

Incidental Learning Attention
2.74
ADHD

4.20

Control

4.00

Simple Reaction Time (in seconds)

.08

ADHD

. 71

Control

.63

Choice Reaction Time (in
seconds)
ADHD
Control

.10

.11
.08

.83
.68
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